eccereoeecee 

CeGe 100000000 

@oecy 90000000 
etve eecce 
eve eeccee 


Components Reference Manual 


IBM System/3 Model 6 


GA34-0001-3 
File No. $3-01 


Fourth Edition (August 1974) 


This is a reprint of GA34-0001-2 incorporating changes released in the following Technical Newsletter: 
GN21-0173 (dated 8 April 1974). 


Changes are periodically made to the information herein; before using this publication in connection 
with the operation of IBM systems, refer to the latest System/3 Bibliography, GC20-8080, for the 
editions that are applicable and current. 


Text for this manual has been prepared with the IBM Selectric® Composer. 


Some illustrations in this manual have a code number in the lower corner. This is a publishing control 
number and is not related to the subject matter. 


Requests for copies of IBM publications should be made to your IBM representative or the IBM branch 
office serving your locality. 


A form for readers’ comments is provided at the back of this publication. If the form has been removed, 
send your comments to IBM Corporation, Systems Publications, Department 27T, P. O. Box 1328, 
Boca Raton, Florida 33432. Comments become the property of IBM. 


© Copyright International Business Machines Corporation 1970, 1971, 1972, 1974 


Preface ° °. e e e e e e e e e ° ° ° e 


IBM System/3 Model6 . . 


System Components and Configuration . . . . . . 
System/3 Data Input/Output and See cege BS. Ser eG 


Chapter 1. 


Data Formats ... . ay tay ie wee 6 | Tox. te 
Addressing . . a ec 6: tar ee, OP MP a ee 
Direct Addressing ee a. ee aes oe) GA es 


Base-Displacement Addressing 
Instruction Formats. 

Command Instructions . : 

One-Address Instructions . . . . 

Two-Address Instructions . 


Chapter 2. IBM 5406 Processing Unit 


Processing Unit Data Flow . 
Main Storage . Bs ue car wee pats 
Storage Data Register (SDR). So oot ane elt ar 
Aand B Registers . | oh var ae Teh . 
Arithmetic and Logic Unit . 
Storage Address Register 
Condition Register . 
QRegister . . . 
Op Code Register . . 
Local Storage Registers sR) 
Cyclesand Phases . . . 
Cycle Stealing . . 
Interrupt. . . wn eh tet 
Interrupt Priorities ee ee a a Pe 
Interrupt Operation . . . 
Input/Output Facilities . 
Channel Organization 
Device Control . . . . . . 
Instructions and Programming Conventions : 
ArithmeticInstructions . . . . 
Data Handling Instructions 
Logical Instructions 
Halt Instructions . 5 
Input/Output Instructions . . 
CEControlPanel . . . . 
Manual Operation Procedures . 
Altering Storage Addresses 
Altering Storage. . . 
Displaying Local Storage Registers ‘ 
Stopping at a Particular Address . . 
Check Conditions . . .... . 
Processor Checks . . . . . «© « « 
Unit Check 2... Sa Sue. sss cat Ac. cat la ee Se 
MOTEFING: 16) Hic ie de tad oe Rt Rs a Se 
Usage Meter. . 2. 1. 6 ew we we 
Disk Drive Metering . . . . . «© ew we 


Chapter 3. Keyboard-Console . 


Operational Characteristics. 
Keyboard Operations . : 
Typamatic Key Programming . 
Keyboard Instructions . . . .. . 
Start-I/O... cee es ea 
SenseI/O . . 2. 2. 2. 2 ew ew ew 
Console Configuration . . . . 2. 1 ew ee 
Switch Panel. . : 
Indicator Panel . . . 1. 1. we 
Instructions: . 6-940 2 ws eo 4 
Poad YOu 5. <a a a eS ee 
1/O Operations . . 2. 1. 1 we ee 
Altering Storage. . 2. 2. 1 6 ew ee 


wWwowWwWwWWe 


YPNnwhynv bby No 


Nb 
ALD 


2-6 


nN 
ch 


2-7 


2-7 


Chapter 4. 


Printing Principle . . .. . 
Ledger Card Device. . . . . 
LedgerCard. . . . 
Bi-Directional Printing Capability . 
Printer Functions . . . ’ 
Printer Restrictions. . . . 
Printer Operations . . . . 
Printer Commands . . . 
Performing Printer Operations 
Printing Location Control. . . 
Bi-Directional Printing. . . . 
Typical Programming Sequences . 
Forms Recognition. . ss a 
Printer I/O Attention Light es ie 
Ledger Card Device Operations . 
Printer Instructions . se oe 
Start 1/O : by an?“ 
Test I/O and Branch ‘ ee 
Advance Program Level . . . . 
Lead I/Os 26. 8. we WES 
Sense T/Q* Ga: -& cw 4s eas 
Printer Operation Timing . . . . 
Printer Error Recovery Procedures . 
Horizontal Cycle Check . . . 
DataCheck . . . . 2... 
Margin Check ge ate Ade SER 
SyncCheck . . . .. . 
ROS Check . . % Ser ke 
Vertical Cycle Check Sy ft cach ce 
Invalid Command . .. . 
Data Bus Out Check . . 


« ee @ e@ @ 
° 


7 ee e@ @ 
e 


Ledger Card Device Error Recovery Procedures . 


Drive Check. . . . .. . 
Sense AmpCheck . .... . 
Card Skew Check . . .. . 
Read Mark Check end 
Line Finder Mark Check . . 
Invalid Command . ... . 
Maintenance Monitor . .. . 


Chapter 5. IBM 5444 Disk Storage Drive 


File Organization . 
Track Format . . . 

Sector Identifier Format and Address. 

Disk Operating Restrictions 

File Operations . . 
Seek. 6 6 
Read Data . . 
Read Identifier . 
Read Diagnostic. 
Read IPL. . . ; 
Verify . . . . 
Write Data . . . . 

Write Identifier . . . . . 


eo © © © © © @ 
e e©@ e e@ “e@ © @ 
e 
° 


ee e ee © @© @ © 


Scan. 6. ew ew 

Disk File Instructions . . 
StatlWO. . .. . : 
Load I/O. ... . 7 
Test I/O and Branch a: 
Advance Program Level . . 
Sense I/O. by om 

Check Conditions and Status e % 
StatusByteO . ..... 
Byteeb ele. Me “ee et 
Byte2 . ... . 


{BM 5213 and 2222 Serial Printers . 


oo © @® ee @ 


Contents 


eo °©¢ ee © @ @ 


Contents 


4-1 


4-2 
4-2 
4.3 


4-7 


5-14 
5-16 
5-17 
5-18 
5-18 
5-20 
5-21 

ili 


Bytes3** 40 2%, jek vooee de CR Ce es 
Flagging . . elds ee S 
Track Initialization Procedures 2s 
Suggested Error Dee Procedures (File and Attach- 
ment) . . . eo. Ne RN ee a US 


Chapter 6. 1BM 5496 Data Recorder. . 


Data Recorder Keys and Indicators 
Release Key . ‘ 
Power Switch and Indicators j 
Stacker Full Indicator . o, Betce, 
Feed Check Indicator . . . . 6. 6 6 « 
Print Switch. 2. 2. 2. 0. 6 ee ee 
Program Switch. . . 
Auto Record Release Switch 7 
Punch/Verify Switch . . A 
Data Recorder Controls on the Keyboard-Console . 
Data Recorder Operations. . ... .- 
Card Reading . . . . 2... se 
Punching Operations . . . . 
Data Recorder Instructions 
Start YOss. sas a oes tae Ge Menge tar Gee ee 
TestI/O and Branch . . . . . ee 
Advance Program Level . .. . : 
Load I/O. ae 
SenseI/O . .. . 
Error Recovery Procedures. . 
Compare Error on Read or Punch 1/0 Cycle 
Incorrect Card Code ....... 
Transport Jam . 


Chapter 7. 1BM 129 Card Data Recorder. 


129 Card Data Recorder Switches and Indicators 
Verify Reset Key . . 2. 2. 2. 2 2 ew ew 
Power Switch and Indicators . . . .. . . 
Card Data Recorder Column Indicator . . . . 
PLINt SWIC sie a SS ue” as) a Ge OS oe 
Punch/Verify Switch . . . 2. . ee 
Program Rotary Switch . .... . 
Record Advance/Card Feed Switch . . 

Data Recorder Controls on the 5406 Keyboard Console 

Card Data Recorder Operations So cate et ver 46 
Card Reading eae 
Punching Operations 

129 Card Data Recorder Instructions . 3 
StatI//O. . . So ne BP re 
Test I/O and Branch ‘ 

Advance Program Level 
Load I/O. 
Sense I/O 3 

129 Error Recovery Procedures 
Compare Error on Read or Punch Cycle . 

Incorrect Card Code 
Transport Jam 


Chapter 8. IBM 2265 Display Station Model 2 . 


Display Unit Manual Controls and Indicators 
Display Unit Operations : 
Display Unit Instructions 


Load I/O : 

StartI/O. . ue Ge 

Test I/O and Branch  ssep eX eit ver ee 
SenseI/O . ea 


Display Station Check Conditions . 
Cursor Control . ‘i 


Chapter 9. Serial Input/Output Channel Adapter 


SIOC Registers . 

Instructions .. 
Test I/O and Branch. SF ail oe 
Advance Program Level . . . 


iv 


toe ob boas ' 
— 


So eS PSPSPS SS 
ADARANKLAEBWDBBHHHWDNHNNNNNHNNHHEBREE 


7-6 


8-1 
8-1 


Load I/O. 

Sense I/O 

Start 1/O. e se SO eee 
Checking. . . . . 1. ee 


Chapter 10. IBM 1255 Magnetic Character Reader . 


Operation : . 
General Programming Requirements : 
Feeding Documents . . 
Retrieving Data from Documents . 
Directing the Disposition of Documents . 
Obtaining Information about the Condition of the 
ReeAC eT se waa? St eis Te ge 
NNStFUCHIORS <3:° ear we, ae OS Ga- at GL om pe Se 
StartT/O 62 esd eo a a we 
Load T/ Oi 0 ee ae wh ak a se 


SenseI/O . . S? sxkie we? 2 
Test I/O and Advance Program Level oe Ae 
Features . . . oe 


Account Number Checking ee, 
51Column Sort Feature 

Dash Symbol Transmission . 

High-Order Zero and Blank Selection | 


Chapter 11. Binary Synchronous Communication 
Adapter::; 2. 6 & +: @ 8 8 we ecw 


Point-to-Point Communications Networks 
Multi-Point Communications Network 
Modems . 


Transmission Codes. G sciic, taro ee Fish ee, er - He 28 
DataRates . . . bs Sa?) or Gel? Gra? —% 
Data Transfer and Processing sh . 


Subfeatures of the Communication Adapter . wx chr te 
Station Selection . . 1. . 2 2 e 2 ee 
Internal Clock: 5. <a ae BOR ee ee 
High-Speed Interface . 2. 2. 2. 2 e ew ew 
AutoCally ae. Sg Se ee wes 
Transparency . . . 6 «© © «© «© «© « « 
Data Rate Selection . we We, SOP 

Local Communications Adapter (LCA) 

Local Storage Registers used by Communications 

Adapters ; 

Communication Adapter Modes anid States . 

Communication oe ne 

Control Codes oc Ss 

Control Character Uses . . 

Start of Heading (SOH) 
Start of Text (STX) 
End of Intermediate Data Block (ITB) 
End of Transmission Block (ETB) 
End of Text (ETX) . oe 
Enquiry (ENQ). . 
Negative Acknowledge (NAK) S96) ce 
End of Transmission (EOT) . . . . . 
SynchronousIdle (SYN) . . . 
Data Link Escape (DLE) . . . 
Even Acknowledge (ACK 0) 
Odd Acknowledge (ACK 1) : 
' Wait before Transmit—Positive Acknowledgement — 
~ (WACK) .. 
Mandatory Disconnect (DISC) 
Transparent Start of Text (XSTX) < 
Transparent End of Intermediate Transmission Block 
(XITB). . . 
Transparent End of Transmission Block (XETB) 
Transparent End of Text(XETX) . . . . 
Transparent SynchronousIdle (XSYN) . . 
Reverse Interrupt (RVI) ‘ ba dag” 2g 
Temporary Text Delay (TTD). . 
Transparent Temporary Text Delay (XTTD) 
Transparent Block Cancel (XENQ) ek 
Data DLE in Transparent Mode 
Change of Direction Characters 
Communications Operations 


9-4 
9-5 


9-7 


10-1 


10-1 
10-1 
10-2 
10-2 
10-2 


10-2 
10-2 
10-2 
104 
104 
10-4 
10-6 
10-6 
10-6 
10-6 
10-6 


Message Transmission Operations . 
Message Reception Operations 
Transparent Operation . 
Limited Conversational Operation 
Receive-Only Operation . . 
Disconnect Operation . : 
Communication Adapter Instructions. 
Stare T/Oeg a. ee ae, es 
LoadWOn ow me ek aS 
Test I/O and Branch - 
Advance Program Level . . 
Sense I/O ‘ 
Suggested Error Recovery Procedures. 
Program-Detected Errors . . 
Instruction Reject and Attention Conditions 
BSCA Operator’s Panel . 
LCA Operator’s Panel . 
' BSCA/LCA CE Controls 


11-15 
11-20 
11-22 
11-23 
11-23 
11-23 
11-24 
11-24 
11-27 
11-28 
11-29 
11-30 
11-32 
11-33 
11-33 
11-34 
11-37 
11-39 


Appendix A. Instruction Formats 
Appendix B. System/3 Model 6 Codes 


Appendix C. Powers of Two Table 


Appendix D. Binary and Hexadecimal Number Notations . 


Binary Number Notation 
Hexadecimal Number System . 


Appendix E. Hexadecimal—Decima! Conversion Tables 
Appendix F. Instruction Examples . . 

Appendix G. Instruction Timings. 

Glossary of Technical Terms . . . . . 


WX es 5 ee ee a es eh ee Pe ae 


Contents 


A-1 
B-1 


C-1 


| D-1 


D-1 
D-2 


E-1 


G-1 


T-1 


Vv 


Preface 


This manual contains the organizational concepts and the instruction set for the IBM 
System/3 Model 6. 

The publication is intended as a reference manual for those interested in writing or main- 
taining programs written in assembler language for the System/3 Model 6. 

Explanations of the data formats, interruption structure, addressing and storage organi- 
zation, and machine language instruction set are included. Additionally, the data formats, 
machine language instructions, programming requirements, and special considerations for 
all I/O units currently available on the system are explained. 

It is assumed that the reader is familiar with good programming practice and with the 
terminology of data processing. More information on the IBM 1255 Magnetic Character 
Reader is contained in JBM 1255 Magnetic Character Reader Components Description, 
Order No. GA24-3542. For off-line data-recorder operating procedures, refer to JBM 
5496 Data Recorder Operator’s Guide, Order No. GA21-9086. Off-line operating proce- 
dures for the 80-column data recorder are included in JBM 129 Card Data Recorder 
Machine Description, Order No. GA22-6980. 

No assembler language program support exists for the System/3 Model 6. The program 
listings for IBM program products that support the system, however, contain assembler 
mnemonics. Therefore, machine mnemonics are included in this manual as an aid to read- 
ing any program listings which use the mnemonics. 

This manual makes reference to calling the customer engineer (CE) for assistance. The 
service or assistance resulting from some CE calls may be subject to billing. If your system 
is serviced by an organization other than IBM, please call them. 
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Figure 1-1. IBMSystem/3 Model 6 
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Chapter 1. IBM System/3 Model 6 


The IBM System/3 Model 6 (Figure 1-1) is an operator-oriented data processing system. 
Data entry is centered in an operator’s keyboard-console; data output is centered in a 
console-type serial printer. Storage is provided by the internal (main) storage of the pro- 
cessing unit and by magnetic-disk storage units. 


SYSTEM COMPONENTS AND CONFIGURATION 
Figure 1-2 shows the units of the system. System/3 Model 6 must include the following: 


IBM 5406 Processing Unit. The basic storage size is 8192 bytes. Additional storage is 
available as shown in Figure 1-2. Included as special features are a serial input/output 
channel adapter and a binary synchronous communication adapter. The operator’s 
keyboard-console is part of the processing unit. 


IBM 5444 Disk Storage Drive. The disk storage drive is available in four combinations 
of three different models to provide 2,457,600 bytes; 4,915,200 bytes; 7,372,800 bytes; 
or 9,830,400 bytes of storage. 


IBM 5213 Printer, Model 1, 2, or 3, or IBM 2222 Printer Model 1 or 2. The 5213 can 
print 132 characters per line. The 2222 can print 220 characters per line. Both printers 
operate at 85 characters per second. Other capabilities of the printers include (1) a 
bi-directional printing feature for increased line-per-minute printing speeds, (2) vertical 
forms control, (3) a ledger card device, and (4) an enhanced-print-rate feature that 
increases the per-character print rate to a nominal 115 characters per second. The bi- 
directional printing capability is standard on the 5213 Model 3 and on the 2222 Model 
2, but not available on the 5213 Model | or 2 or on the 2222 Model 1. Vertical forms 
control is standard on the 5213 Models 2 and 3 and the 2222 Models 1 and 2, but is not 
available on the 5213 Model 1. The ledger card device is standard on the 2222 Models 1 
and 2, but is not available on the 5213 Model 1, 2, or 3. Enhanced print rate is available 
only on the 5213 Model 3. 


The following special features can be included in System/3 Model 6: 


IBM 2265 Display Station Model 2. The 2265 can display the contents of 960 adjoining 
storage locations. , 


IBM 5496 Data Recorder Model 1 with the On-Line Feature for System/3 Model 6. The 
5496 is cable-connected to the processing unit and operates either on-line or off-line. 
This unit permits (1) entering data into the processing unit storage from punched cards, 
and (2) punching data into cards from storage. The data punched into the cards can 
also be printed on the cards. Punching without printing can be performed, but printing 
without punching cannot. Card data is in the 6-bit, 96-column format. 


IBM 1255 Magnetic Character Reader. The 1255 reads magnetic ink characters and 
sorts paper documents. This unit is attached to the system through the serial I/O 
channel. 


Serial I/O Channel. This is an adapter unit built into the processing unit to allow 
special I/O devices to be attached to the system. 


Binary Synchronous Communication Adapter. This is an adapter unit built into the 
processing unit to allow communication between the system and remote systems or 
terminals. 


Additional Command Keys. This feature increases the number of command keys on 
the keyboard from 8 to 16. 
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e IBM 129 Card Data Recorder Model 1, 2, or 3 with the Card Input/Output Feature. 
The 129 is cable-connected to the processing unit and operates either on-line or off- 
line. This unit permits (1) entering data into the processing unit storage from punched 
cards, and (2) punching data into cards from storage. The data punched into the cards 
can also be printed on the cards. Punching without printing can be performed, but 
printing without punching cannot. Card data is in the 12-bit, 80-column format. 
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Figure 1-2. System/3 Model 6 Configuration 


SYSTEM/3 DATA INPUT/OUTPUT AND INTERPRETATION 


Data is entered into System/3 through the keyboard or from punched cards via the 5496 
or 129. The card used in the 5496 (Figure 1-3) has 96 positions for recording data and 96 
positions for printing by the data recorder. A fourth print line position is included for 

use by other systems. Data is recorded in three tiers of 32 columns each. Each of the three 
print lines used by System/3 Model 6 contains 32 positions for printing. The card used in 
the 129 (Figure 1-4) has 80 positions for recording data and 80 positions for printing by 
the card data recorder. The 80-column card is not divided into tiers of data and provides 
only a single print line. Data can also be entered into the system from paper documents 


. (via the magnetic character reader), from the disk storage unit, or from the communica- 


tion adapter. 

Data output from the system is by way of the printer, the display station, the disk 
storage drive, or the communication adapter. Each of these devices (as well as the pro- 
cessing unit itself) uses a somewhat different method of representing data. 


Data Formats 


Data resides in main storage as binary bits in eight-bit bytes. Each byte also contains a 
parity bit. All data bytes in storage look the same to the processing unit. The instruction 
the processing unit is executing determines how the data is interpreted. The data contained 
in a byte can be interpreted as: . 


1. A numeric, alphabetic, or special character - 
2. An unsigned binary number (logical data) 


The bytes that are interpreted as characters constitute’a code called Extended Binary 
Coded Decimal Interchange Code (EBCDIC). | 
Bytes interpreted as binary numbers can also be used as bit-significant conditional or 
~ status information. 
The disk storage drive and the magnetic character reader transfer data in the same formats 
used by the processing unit—that is, as EBCDIC characters or binary numbers. Data read 
from cards by the data recorder is transferred as EBCDIC characters only. 









Print Line 1 
§$23s¢4s 678 89 fo 12 13 14 15 16 I7 (6 19 20 2t 22 23 24 25 26 27 28 29 30 31 32 
Print Line 2 


33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5! 52 53 54.55 86 SY 58 5S 6O 61 62 6S 64 


Print Line 3 







65 66 67 68 69 70 71 72 73 74 75 76 TY 78 79 GO Sl G2 83 b4 85 BE BT 48 89 90 91 


(Not used by System/3 Model 6) 


Print Line 4 


Tier 1 





12 3 ¢€ S$ 6 7 G6 10 I} 12 13 14 1S 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 


Tier 2 


Tier 3 


"“NAOPrPA-NAOQPB—NAA?D 


Figure 1-3. 96-Column Card 
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Data in 96-column cards is in a six-bit code. When the cards are read, this six-bit code is 
converted to EBCDIC. Data from main storage that is to be punched into cards can be 
either EBCDIC characters or binary numbers. If the data is binary numbers, some six-bit 
code is punched, but the code may not be the code expected from EBCDIC. See 
“Appendix B.” 

Data in 80-column cards is in a 12-bit code. When the cards are read, this 12-bit code is 
converted to EBCDIC. Data from main storage that is to be punched into cards can be 
either EBCDIC or binary numbers. If the data is binary numbers, some 12-bit code is 
punched, but the code may not be the code expected from EBCDIC. 

The keyboard transfers data to the processing unit in an eight-bit code that is entirely 
different from EBCDIC. 

The printer and the display station do not use the two high-order bits of the byte for data. 
The display station uses one of the high-order bits for a character position indicator. The 
data code for the printer and the display station is composed of six bits. 


Character Format 


In character format, each byte of data is interpreted as though it were divided into two 
groups of four bits each. Bits 0-3 constitute the zone portion, and bits 4-7 constitute the 
digit portion. The character format can represent a decimal digit, a communication adapter 
control character, or one of the graphics (printable characters) defined for the system. 
Figure 1-5 shows the byte as interpreted for character format. 

When data is handled in this format, the zone bits do not participate in any arithmetic 
operations. The zone bits of the low-order byte indicate the sign of the field for arithmetic 
operations. Zone bits equal to 1101 indicate a negative number; all other zone bit patterns 
indicate a positive number. 


P| 0 7 
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Zone Bits Digit Bits 
Figure 1-5. Character Format 


Binary Format (Logical Data) 


When data is handled in binary format, it is treated as an eight-bit binary integer as shown 


in Figure 1-6. 
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Figure 1-6, Binary Format 


Parity 


In addition to the eight data bits, each byte contains one other bit called a parity bit. This 
bit is used to maintain an odd number of bits in the byte. The processing unit checks each 
byte to ensure that it contains an odd number of bits. If an even number of bits is detected, 
the system stops and turns on an indicator. 


Six-Bit Card Code 


Data is stored in the 96-column card in six-bit form. Each of the ninety-six columns in the 
card can contain one six-bit character, which is converted during input operations to the 
eight-bit character format (EBCDIC). On output to the data recorder, character format is 
converted to card code. Figure 1-7 shows the card code representation of each character. 


Twelve-Bit Card Code 


Data is stored in the 80-column card in 12-bit form. Each of the 80 columns in the card 
can contain one character, which is converted during input operations to the eight-bit 
character format (EBCDIC). On output to the card data recorder, character format is 
converted to card code. Figure 1-8 shows the card code representation of each character. 


Keyboard Code 


Data entered through the keyboard enters the processing unit as eight binary bits plus a 
parity bit. These bits are not in character format. The specific eight-bit code for each key 
and key shift on the keyboard is shown in “Appendix B.” Translation between the key- 
board code and the character format or binary format must be performed by the program. 
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Figure 1-7. 96-Column Card Code 
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Figure 1-8, 80-Column Card Code 
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ADDRESSING 


INSTRUCTION FORMATS 


Serial Printer and Display Unit Code 


This six-bit code is a subset of the eight-bit character format used by the processing unit. 
Only the low-order six bits of the byte are considered in developing the character, but 
any defined graphic in character format is displayed as that graphic on the display unit 
or is printed by the printer. | 


Byte location addresses in storage are expressed in binary form and consecutively numbered 
from hexadecimal 0000 to the upper limit of storage. “Appendix D” explains the binary 
number system, and “Appendix E” contains the hexadecimal representation for addresses 


~ 0000 to 4095. The location of any field or group of bytes is specified by the address of 


either the leftmost (high-order, lowest address) byte or the rightmost (low-order, highest 
address) byte of the field, depending on the instruction. 

An address used to refer to main storage can be specified by either of two methods; direct 
addressing or base-displacement addressing. The type of addressing to be used is specified 
by bits O through 3 of the first byte of the instruction. These four bits are treated as two 
groups of two bits each, group O and 1 and group 2 and 3. Bits 0 and 1 control addressing — 
for operand 1 in a two-address instruction; bits 2 and 3 control addressing for operand 2 in 
a two-address instruction. 


Direct Addressing - 


When both bits of either bit group are 0, the corresponding operand is selected from storage 
by direct addressing. Both bit groups can equal 00, causing both operands to be selected by 
direct addressing. 

When direct addressing is employed, the storage address is taken directly from the instruc- 
tion. The address in the instruction is two bytes long. 


Base-Displacement Addressing | 


When either or both bit groups have one bit equal to 1 and the other bit equal to 0, the 
corresponding operand is selected from storage by base-displacement addressing. 

In base-displacement addressing, the positive binary number in the one-byte address of 
the instruction is added to the positive binary number in a two-byte index register. The 
result of this addition is used to select the operand from storage. The index register to be 
used is determined by the bit of the bit group that is 1. If the low-order bit (bit 1 or bit 3) 
is 1, index register 1 is used. If the high-order bit of the bit group (bit 0 or bit 2) is 1, index 
register 2 is used. Both bit groups can specify the same index register during the execution 
of an instruction. 

Because the maximum value that the one-byte address in the instruction can contain is 
decimal 255, any one value of an index register allows access to 256 storage positions. 


System/3 provides three instruction formats of varying length. These instruction formats 
are distinguished by their ability to address storage. The length of each instruction is deter- 
mined by the type of addressing being performed. — 

As Figure 1-9 shows, all instruction formats have two elements in common, the operation 
(op) code and the Q byte. Each of these elements is one byte. The op code determines the 


type of addressing to be performed (and thereby the length of the instruction) and the 


operation to be performed. Figure 1-10 summarizes addressing in instruction format 
sequence. The function of the Q byte is determined by the instruction being performed. 


Command Instruction 


Command 
















































Bits 0O 3 
One Address !nstruction—Base-Displacement Addressing 
(Indexing Factor) 
Operand 
Bits 
11 
00 
Bits 0 3 
1 ‘Operand 1 Operand 2 
0 (Indexing (Indexing 
1 Factor) Factor) 
0 
Bits O 3 
Two Address Instruction—Operand 1 Address Direct 
Operand 1 Operand 1 Operand 2 
(High Order (Low Order (Indexing 
Address Byte) Address Byte) Factor) 
Bits 
Operand 1 Opérand 2 Operand 2 
(Indexing (High Order (Low Order 
Factor) Address Byte) | Address Byte) 
Bits 
Two Address Instruction—Both Addresses Direct 
Operand 1 Operand 1 Operand 2 
Op Code (High Order (Low Order (High Order 
Address Byte) Address Byte) | Address Byte) 
0. 000 
Bits 0 3 


Figure 1-9, Instruction Formats 


Operand 2 


(Low Order 
Address Byte) 





IBM System/3 Model 6 1-7 


cs 
Ale 


a> 
an OW Bane aon one of bits 0 through 3 is one, one of the addresses is direct and the other is 


( 





Command 


One Address 
One Address 
One Address 
One Address 
One Address 
One Address 


Two Address 
Two Address 
Two Address 
Two Address 
Two Address 
Two Address 
Two Address 
Two Address 
Two Address 


0 
0 
1 
1 
1 
1 


”~-}]00?-0000 
oor7r?or-0o00 
~oOo,-ccoo-C0C0 


—- == OC © 
=-O0O0O--—- 


O-0-000-0. 


Instruction Type j Op Code Bits 
012 3 


Or OF = 


Instruction Addressing Type and Index Register 
Length Operand 1 Operand 2 


3 Bytes 


4 Bytes 
3 Bytes 
3 Bytes 
4 Bytes 
3 Bytes 
3 Bytes 


6 Bytes 
5 Bytes 
5 Bytes 
5 Bytes 
5 Bytes 
4 Bytes 
4 Bytes 
4 Bytes 
4 Bytes 


Direct 
Base-Displacement Reg 1 
Base-Displacement Reg 2 


Direct 
Direct 
Direct 
Base-Displacement Reg 1 
Base-Displacement Reg 2 
Base-Displacement Reg 1 
Base-Displacement Reg 1 
Base-Displacement Reg 2 
Base-Displacement Reg 2 


Direct 
Base-Displacement Reg 1 
Base-Displacement Reg 2 


Direct 
Base-Displacement Reg 1 
Base-Displacement Reg 2 
Direct 
Direct 
Base-Displacement Reg 1 
Base-Displacement Reg 2 
Base-Displacement Reg 1 
Base-Displacement Reg 2 


Figure 1-10, Addressing by Instruction Types 


Command Instructions 


Command instructions are always three bytes long and do not address storage. In a com- 
mand instruction, the Q byte contains the following information, depending on the 
instruction: 


1. Device address and function specification 
2. Jump condition 
3. ~ Halt identifier (alpha code) 


Bits 0 through 3 of the command-instruction op code are always hexadecimal F. 


One-Address Instructions 


One-address instructions can be either three or four bytes long. These instructions always 
have either bits 0 and 1 or bits 2 and 3 of the op code byte both ones. The two bits that 
are not both ones (0 and 1, or 2 and 3) can be 01, 10, or OO. If these bits are 00, addressing 
is direct and the instruction is four bytes long. If the bits are 01 or 10, base-displacement 
addressing is used; the instruction is three bytes long; and index register 1 (01) or index 
register 2 (10) is used. 
The Q byte of a one-address instruction can contain: 

An immediate operand 

A mask 

A branch condition 

A data selection 


PS 


Two-Address Instructions 


Two-address instructions can be four, five, or six bytes long. This instruction type is distinc- 
tive in that neither bit group O and 1 nor bit group 2 and 3 of the op code byte is both ones. 
If all four of bits 0 through 3 are zero, addressing is direct; and the instruction is six bytes 


base-displacement; and the instruction is five bytes long. If one bit from each of the bit 
groups is one, all addressing is done by the base-displacement method; and the instruction 
is four bytes long. 

The index register to be used in base- displacement addressing for either operand is deter- 
mined by the bit in the bit group that is 1. If the bit group equals 01, index register 1 is 
used; if.the bit group equals 10, index register 2 is used. Both addresses can use the same 
index register during one instruction. 


Chapter 2. IBM 5406 Processing Unit 


The processing unit (Figure 2-1) is the heart of the system. It controls the input of data 
to the system (by calling for data when required), the output of data from the system, 
and the operations performed on the data while it is in the system. 


PROCESSING UNIT DATA FLOW 


Figure 2-2 shows the data flow for the basic processing unit. Data is taken from storage 
through the storage data register (SDR) to the B register. From the B register data enters 
the arithmetic and logic unit (ALU) to be operated on and directed to one of the follow- 
ing units: 
1. Op register 

: Q register 

. Condition register 


2 
3 
4. Local storage registers (LSR’s) 
5.  [/Ounit 


The data can also be sent to the SDR to be returned to storage. In certain operations, 
part of the data is returned to storage from the SDR without passing through the B 
register and ALU. 

Data coming into the system enters the A register, passes through the ALU, and enters 
storage through the SDR. 





: BRO299 


Figure 2-1. IBM 5406 Processing Unit 
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Main Storage 


Main storage consists of 8,192; 12,288; or 16,384 positions of magnetic core storage. Each 
position has'an address and contains an eight-bit unit of information called a byte. Coded 
combinations of bits within a byte can represent alphabetic, numeric, or logical data. 

Main storage holds all the data that is processed at a given time. It also holds the instruc- 
tions, or program, that control the operation of the system. For each individual job per- 
formed by the system, certain portions of main storage are assigned to store instructions 
and certain portions to store data to be processed. 


Storage Data Register (SDR) 


This register serves as a place to store data temporarily as it passes between the processing 
portions of the processing unit and main storage. Data can enter the storage data register 
from the ALU or from main storage. Data can be sent from the storage data register to 
either the B register or to main storage. The storage data register holds one byte of data. 


A and B Registers 


The A and B registers serve as temporary storage for data to be processed by the ALU. Each 
of these registers holds one byte of data and each can be.entered from several other units 
in the data flow. 


Arithmetic and Logic Unit 


The ALU performs all the arithmetic and logic functions for the processing unit. It is ca- 
pable of decimal add, decimal subtract, binary add, binary subtract, compare, logical 
AND-OR, pass A register, and pass B register functions. All data that is to be moved from 
any unit in the data flow to any other unit in the data flow (except the storage address 
register and the A and B registers) must pass through the ALU. (Data enters the A and B 
registers only if it is to pass through the ALU.) The ALU accepts two bytes of input and 
produces one byte of output. 


Storage Address Register 


The storage address register (SAR) holds the address that is to be accessed in main storage. 
The SAR holds two bytes. 


Condition Register 


The condition register holds results of various operations, such as compare operations, and 
overflow and positive or negative indications from arithmetic operations. It can be tested 
for these conditions. 

The various bits of the condition register are assigned names as follows: 


Bit Name 


0 Unassigned 

1 Unassigned 

2 Binary overflow 

3 Test false 

4 Decimal overflow 
5. . High 

6 Low 

7 Equal 


The bits are referred to by these names in the remaining sections of this manual. 


Q Register 


This register accepts the Q byte from the instruction. The Q byte is read from this register 
to circuitry that controls the operations performed by instructions. 
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Op Code Register 


The op code register holds the op code byte of each instruction taken from storage to 
enable the control circuitry to perform the desired operation. 


Local Storage Registers (LSR) 


The local storage registers are a group of sixteen registers that contain data required for the 
execution of instructions. Sixteen registers are required for the system with standard I/O 
devices (disk storage and printer) and for certain optional feature I/O devices. Additional 
local storage registers (called feature LSR’s) are installed to accommodate optional feature 
I/O devices when they are required. Each of the local storage registers contains two bytes. 

During system reset (caused by operating the system reset switch) and during program 
loading, certain of the local storage registers are reset to zero. System reset causes the 
instruction address register and the program status register to be reset to all zeros. Operating 
the program load_switch resets the instruction address register, the program status register, 
and the disk file data address register to all zeros. All other addressable local storage regis- 
ters must be set to their initial values by specific instructions before they can be used. Dur- 
ing the first instruction after a system reset or program load, the program status register and 
the condition register are set to condition equal. This condition can be changed by the next 
instruction. 


Instruction Address Register (AR) 


This register contains the address of the instruction bytes as they are addressed. It is in- 
creased by one each time an instruction byte is taken from storage. When the last byte of 
any instruction has been taken from storage, the instruction address register contains the 
address of the first byte of the next sequential instruction (NSI). 

The basic group of registers contains two instruction address registers: the instruction 
address register for the main program and the instruction address register for interrupt 
level | (the interrupt level for the keyboard). The feature local storage registers contain 
instruction address registers for interrupt level 2 (if the communication adapter is in- 
stalled) and interrupt level 4 (if the serial I/O channel is installed). 


Address Recall! Register (ARR) 


The address recall register is used by certain instructions to store a beginning address for 
execution of the instruction or the address of the next sequential instruction. As with the 
instruction address register, there are address recall registers for the main program and for 
interrupt levels 1, 2, and 4. The address recall register is affected only by branch, decimal, 
and insert-and-test-characters instructions. 


Operand 2 Address Register (AAR) 


This register, which is set during instruction readout from storage, addresses the various 
bytes of operand 2. It is updated as each individual byte of operand 2 participates in the 
execution of the instruction. This register cannot be addressed by the program. 


Index Register 1 (XR1) 

This register is used to contain the base address for base-displacement addressing. This regis- 
ter is shared by the main program and by all interrupt levels. 

Index Register 2 (XR2) 


This register is used as a base register for base-displacement addressing. It is used by the main 
program and by all interrupt levels. 


Program Status Register (PSR) 


The high-order byte of this register is used as a length count recall register during instruc- 
tions that may require recomplement operations. The low-order byte is used as a condition 
recall register for storing the value of the condition register when the processing unit is 
interrupted by an I/O unit. Loading this register automatically sets the condition register to . 
the same value as the low-order byte. 


Operand 1 Address Register (BAR) 


This register is set during instruction readout and is used to address the various bytes of 
operand 1 as they are required by the instruction. This register is updated as each individual 
byte of operand 1 participates in the instruction. This register cannot be addressed by the 
program. 


Ledger Card Device Locate Line Address Register (LLAR) 


This register is used as a counter for the locate line operation of the ledger card device. 


Length Count/Data Recall Registers (LCR and DRR) 


These two registers occupy one LSR. Each is one byte in size. The length count register 
stores the length count from two-address instructions. The data recall register is used in 
two-operand type instructions to hold a byte of one operand while a byte of the other oper- 
and is retrieved from storage. These registers are not accessible to the program. 


_ Disk File Control Address Register (DFCR) 
This register holds the address of the high-order byte of a four-byte disk control field. 


Disk File Data Address Register (DFDR) 
This register stores the address of the high-order byte of the disk-file-data area of storage. 


Printer Data Address Register (PDAR)}) 


This register holds the address of the high-order byte of the print-data area of storage for 
the 5213 or 2222 Printer. 


Printer Command Address Register (PCAR) 


This register holds the storage address of the high-order byte of a group of printer-com- 
mand bytes for the 5213 or 2222 Printer. 


Data Recorder Address Register (DRAR) 


This register contains the address of the high-order byte of the area in storage that contains 
data to be transferred to or that has been transferred from the data recorder. 


Binary Synchronous Communication Adapter Address Register (BSCAR) 


This register contains the address of the high-order byte of a group of bytes in storage that 
are to be used for exchanging data with the communication adapter. The register is available 
only when the communication adapter special feature is installed. 


Serial 1/O Channel Address Register (SIAR) 


This register is available only when the serial I/O channel special feature is installed. It stores 
the address of the high-order byte of the field into which or from which serial I/O channel 
data is transferred. 


IBM 5406 Processing Unit 2-5 


CYCLES AND PHASES 


CYCLE STEALING 


CRT Address Register (CRTAR) 


This register is available only when the display station special feature is installed. It holds 
the high-order address of a 960-character block of storage from which characters are taken 
for display on the cathode ray tube in the display station. 


Each processing unit operation is performed in two phases, instruction phase and execu- 
tion phase. Some instructions combine the phases so that there is no distinct execution 
phase. 

During the instruction phase, the processing unit retrieves an instruction from storage. 
The op code byte of the instruction is sent to the op register, the Q byte is sent to the Q 
register, and the operand addresses are developed and sent to the address LSR’s. 

During the execution phase, the instruction just retrieved from storage is executed to 
perform the desired operation. The data contained in the operands is retrieved from storage 
and examined, moved, or modified as directed by the instruction. 

The time interval in which the processing unit reads one byte from storage and writes one 
byte into storage is known as a cycle. The processing unit must perform at least three 
cycles for each instruction (3 bytes, 1 cycle per byte). Cycles (accesses to storage) can also 
be taken by the I/O units. 

Cycles are designated by the phase in which they occur and the type of operations per- 
formed in them as follows: 


Cycle Operation 


1-Op The op code is moved from storage to the op code register. 
-1-Q The Q byte is moved from storage to the Q register. 

I-R Third instruction cycle when the instruction uses no address. 

I-X1 Establishes the first operand address in BAR when the first operand uses base- 
displacement addressing. 

I-H1 Establishes the high-order byte of the first operand address in the high-order 
byte of BAR when the first operand is directly addressed. 

I-L1 Establishes the low-order byte of the first operand address in the low-order byte 
of BAR when the first operand is directly addressed. 

I-X2 Establishes the second operand address in AAR when the second operand uses 
base-displacement addressing. 

I-H2 Establishes the high-order byte of the second operand address in the high-order 
byte of AAR when the second operand is directly addressed. 

[-L2 Establishes the low-order byte of the second operand address in the low-order 
byte of AAR when the second operand is directly addressed. 

E-A Moves a byte of the second operand from storage to the data recall register. 

E-B Moves a byte of the first operand from storage, operates on it, and returns it to 
storage. 

1/O Moves a byte of data between storage and an input/output unit. 


The system operates in a mode known as cycle stealing. Cycle stealing is a mode:of opera- 
tion in which I/O operations are overlapped with processing operations so that processing 
operations can continue while I/O operations are in process. This is accomplished by allow- 
ing I/O units to steal processing unit cycles between processing cycles. The processing unit 
must check the I/O units to determine when an I/O operation is completed and the input 
data can be used or the output data can be replaced with new data. 


INTERRUPT 


INPUT/OUTPUT FACILITIES 


Certain I/O units require special subroutines to handle data entered by them within a 
limited period of time or for other similar reasons. To provide for these special subroutines, 
a system of interruptions is installed. This interrupt system permits the processing unit to 
change state as a result of a condition external to the system. External conditions encoun- 
tered in the system originate at an I/O device that has requested special attention by the 
processing unit. Generally, an interrupt implies that the processing unit must interrupt a 
curyent instruction sequence, perform an intervening instruction sequence requested by the 
interrupting I/O device, and return to the interrupted program. 

A means of retaining the stopping point of an interrupted program and the starting point 
of an intervening program is important. The system provides an instruction address register 
and an address recall register for each level of interrupt. 


Interrupt Priorities 


There are four levels of interrupt in the system. I/O devices and their interrupt levels, in 
order of descending priority are: 


Serial I/O channel Level 4 
Unassigned Level 3 
Binary synchronous communication adapter __ Level 2 
Keyboard-console Level 1 


Any level of interrupt can interrupt the main program or any lower level of interrupt. 


Interrupt Operation 


An I/O device requests an interrupt as the result of a previously issued start I/O instruc- 
tion. When an I/O unit requests an interrupt, the processing unit completes the instruc- 
tion in progress, then begins retrieving instructions from storage, using the interrupting 
program’s instruction address register. The interrupted program’s instruction address 
register and address recall register remain intact. The interrupting program is responsible 
for storing and restoring index registers | and 2 and the program status register for the 
interrupted program. The end of the interrupt routine is signalled by a start I/O instruc- 
tion telling the interrupting device to reset its request. Figure 2-3 shows the recommended 
generalized interrupt routine. 


The processing unit acts as a controller for all I/O devices operating over a single I/O attach- 
ment interface. The I/O devices time-share the processing unit according to defined prior- 
ities established for each device. 

The processing unit communicates with the I/O devices via an interface called the input/ 
output channel. The I/O channel consists of: 


1. Aset of signal lines that carry information to and from the processing unit. 
2. Logic to establish cycle steal and interruption priorities and to translate card code 
data into EBCDIC and EBCDIC to card code. : 


Channel Organization 


The channel serves as a data, status, and instruction path between the processing unit and 
the I/O attachment circuits of the attached I/O devices. The I/O device attachments are 
integral with the processing unit. All I/O attachments are connected to the same set of sig- 
nal lines in the channel. Thus, the recognition of its own address by a device is the only 
indication a device has that its services are required. | 
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Note: 


The interrupt instruction address register must be set to the address of @) or before the first 
interrupt occurs. Normally, the processing unit leaves the interrupt instruction address register set 
to the address of at the end of the interrupt routine. 


Figure 2-3, Interrupt Routine 


Device Control 


All devices respond to the following instructions: 


1 Start I/O 

2.  LoadI/O 

3. Sense I/O 

4 Test I/O 

5 Advance program level 


Each of these instructions carries within itself the address of the device that is to perform 
the operation and the exact operation to be performed. The individual formats of these 
_instructions are discussed in the chapters dealing with the individual I/O devices. 

The channel operates in either of two modes, depending on the device to be operated. 
The interruption mode is discussed earlier in this chapter. The second mode of operation is 
the cycle steal mode. In this mode of operation the I/O device is started by a start I/O 
instruction, then is left to perform its operations until access to main storage is required. 
When main storage is needed, the I/O device is allowed to steal one or more cycles from 
other processing unit operations in order to store or retrieve from storage the necessary data. 
The processing unit then continues to perform other operations until the I/O unit requires 
main storage cycles again. 


INSTRUCTIONS AND PROGRAMMING CONVENTIONS 


Because the instruction format is so variable and the length of the instruction is determined. 
by the high-order hexadecimal digit of the op code byte, the following conventions are used 
in discussing the instructions: 


1. A high-order digit of X in the op code designates a two-address type of instruction. 
The actual high-order hexadecimal digit of the op code can be 0, 1, 2, 4, 5, 6, 8, 9, 
or A. 

2. Ahigh-order digit of Y in the op code designates a one-address instruction addressing 
operand 1. The actual high-order hexadecimal digit of the op code can be 3, 7, or B. 

3. Ahigh-order op code digit of Z designates a one-address instruction addressing oper- 
and 2. The actual high-order hexadecimal digit in the op code can be C, D, or E. 

4. Ahigh-order op code digit of F designates a command type instruction and is the true 
high-order hexadecimal digit of that op code. 

5. | Op codes are expressed in hexadecimal notation. Q codes may be expressed in either 
hexadecimal or binary notation or may have symbols to indicate the significance of 
the individual bits or groups of bits of the Q byte. 

6. Minimum length of the instruction is shown in solid blocks; maximum and intermedi- 
ate lengths are indicated by dotted blocks attached to the minimum length blocks. 
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Arithmetic Instructions 
Zero and Add Zoned 


Mnemonic: ZAZ 


Op Code OQ Byte  Operand Addresses (2 to 4 Bytes) 


er ot Ppa ee es 
Cuter 1 | 3 


ae ears ee oh ee eee) 


Operation: The second operand is placed byte by byte in the first operand starting with 
the rightmost byte of each operand. Extra high-order zeros are inserted into those posi- 
tions by which the first operand exceeds the second in length. The zone bits in each byte. 
of the result except the rightmost are set to all ones. The zone bits of the rightmost byte 
of the first operand are set to all ones if the result is positive or zero. If the result is nega- 
tive, the zone bits of the rightmost byte are set to 1101. If the second operand is negative, 
the result is in complement form, and an automatic recomplement operation is performed 
to convert the result to a positive number. 

The first and second operand fields may overlap when the rightmost byte of the first 
operand is coincident with or to the right of the rightmost byte of the second operand. 

The Q byte designates the length of the two operands. L2 is 1 less than the number of 
bytes in the second operand. L1 is the number of bytes by which the length of the first 
operand exceeds the length of the second operand. L1 and L2 are expressed in binary 
notation. The maximum length of operand 2 is 16 bytes. The maximum length of operand 
1 is 31 bytes. , 

The second operand remains unchanged unless the fields overlap. No check is made for 
valid decimal digits in either operand. 


Resulting Condition Register Settings: 


Equal. Result is zero. 
Low Result is negative. 
High - Result is positive. 
Decimal overflow Not affected. 
Test false Not affected. 


Binary overflow Not affected. 


Program Note: Overlapping the operands with the rightmost byte of the first operand to 
the left of the rightmost byte of the second operand results in destroying part of the second 
operand before it takes part in the operation. 


Example: 


Instruction 


Oe fe ae Ee 


Operand 1 before Operation 


Pee fore | rs | ore |r 
Addresses 000C o00D OOOE OOOF 0010 


Operand 2 


ee el ede, ee 


Addresses OO1E 001F 0020 


Operand 1 after Operation 


See pee be ci 


o000c 000D ‘000E OOOF 0010 


Condition Register before Operation 


00000000 


Bits O 7 


Condition Register after Operation 


00000100 


«Bits 0 7 
Add Zoned Decimal 


Mnemonic: AZ 


Op Code Q Byte Operand Addresses (2 to 4 Bytes) 


ae oe yg pr toll 


Operation: The second operand is added algebraically to the first operand, byte by byte, 
and the result is stored in the first operand. The operands are addressed by their rightmost 
bytes. The zone bits of all except the rightmost byte of operand 1 are set to all ones. The 
zone bits of the rightmost byte are set to all ones if the result is positive or zero. If the 
result is negative, the zone bits of the rightmost byte of operand 1 are set to 1101. 

The Q byte specifies the length of the operands. L2 is one less than the length in bytes of 
the second operand. L1 is the number of bytes by which the length of the first operand 
exceeds the length of the second operand. The maximum length of operand 2 is 16 bytes. . 
The maximum length of operand 1 is 31 bytes. 

The first and second operand fields may overlap if the rightmost byte of the first operand 
is coincident with or to the right of the rightmost byte of the second operand. 

The second operand remains unchanged unless the fields overlap. 

If operand 2 is negative and larger than operand 1, the result is in complement form and 
an automatic recomplement operation is performed to produce a first operand in true form. 

No check is made for valid decimal digits in either operand. 
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Resulting Condition Register Settings: 


Equal Result is zero. 
Low Result is negative. 
High Result is positive. 


Decimal overflow Carry occurred from the high-order position of operand 1. 
Test false Not affected. 
Binary overflow Not affected. 


Program Notes: 


1. The decimal overflow condition code is reset only by system reset or by testing deci- 
_ mal overflow with a branch-on-condition or jump-on-condition instruction. 
2. Overlapping the operands with the rightmost byte of the first operand to the left of 
the rightmost byte of the second operand results in destroying part of the second 
operand before it takes part in the operation. 


Example: 


Instruction 


ee ee ea 


Operand 1 before Operation 


[te [es [ae >e le 


Addresses oooc o00D OOOE OOOF 0010 
Operand 2 
cess en dee eee | eM I] eee ee | 
Addresses O01E O0O1F 0020 


Operand 1 after Operation 


fs tee dee are ea 


oooc o00D QOOE OOOF 0010 


Condition Register before Operation 


00000000 


Bits 0 7 


Condition Register after Operation 


00000100 


Bits O 7 


Subtract Zoned Decimal 


Mnemonic: SZ 


Op Code Q Byte Operand Addresses (2 to 4 Bytes) 


Sieg pe ee 


is Se ee I re all 


Operation: Operand 2 is subtracted algebraically from operand 1, byte by byte, and the 
result is placed in operand |. The operands are addressed by their rightmost bytes. The 
zone bits of all except the rightmost byte of operand | are set to all ones. The zone bits 
of the rightmost byte of operand | are set to all ones if the result is positive or zero. If 
the result is negative, the zone bits of the rightmost byte of operand | are set to 1101. 

The Q byte specifies the length of the operands. L2 is one less than the number of 
bytes in the second operand. L1 is the number of bytes by which operand .1 exceeds the 
length of operand 2. The maximum length of operand 2 is 16 bytes. The maximum 
length of operand | is 31 bytes. 

The first and second operand fields may overlap if the rightmost byte of the first oper- 
and is coincident with or to the right of the rightmost byte of the second operand. 

The second operand remains unchanged unless the fields overlap. 

If operand 2 is larger than operand | in a subtract operation, the result is in complement 
form. An automatic recomplement operation is performed to produce a first operand in 
true form. 

No check is made for valid decimal digits in either field. 


Resulting Condition Register Settings: 


Equal Result is zero. 
Low Result is negative. 
High Result is positive. 


Decimal overflow Carry occurred from the high-order position of operand 1. 
Test false Not affected. 
Binary overflow Not affected. 


| Program Notes: 


1. The decimal overflow condition code is reset only by system reset or by testing deci- 
mal overflow with a branch-on-condition or jump-on-condition instruction. 

2. Overlapping the operands with the rightmost byte of the first operand to the left of 
the rightmost byte of the second operand results in destroying part of the second 
operand before it takes part in the operation. 
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_ Example: 


Instruction 


07 


eee ee | 


Operand 1 before Operation 


| er ee | 
- Addresses 000C 000D OOOE OOOF 0010 
Operand 2 


F4 F2 F5 
Addresses OO1E 001F 0020 


Operand 1 after Operation 


F7 FS F9 F4 Fa 
o00c = -: oooD O00E OOOF 0010 


Condition Register before Operation 


00000000 
Bits O 7 


Condition Register after Operation 


00000100] — 


Bits QO 7 
Add Logical Characters 


Mnemonic: ALC 


Op Code QByte Operand Addresses (2 to 4 Bytes) 
Sen eat eet oe eae 
eee tas | 


Operation: The positive binary number contained in the bytes of operand 2 is added, byte 
by byte, to the positive binary number contained in the bytes of operand 1. The result is 
stored in operand 1. The operands are addressed by their rightmost bytes. 

The Q byte specifies the length of the operands. L is one less than the length in bytes of 
either operand. Both operands must be the same length. The maximum length of the oper- 
ands is 256 bytes. 

The operands may overlap if the rightmost byte of operand 1 is coincident with or to the 
right of the rightmost byte of operand 2. 

Operand 2 is not changed unless it overlaps operand 1. 


Resulting Condition Register Settings: 


Equal Result is zero. 

Low No carry occurred out of the high-order byte and the result is not 
zero. 

High Carry occurred out of the high-order byte and the result is not zero. 

Decimal overflow Not affected. 

Test false Not affected. 


Binary overflow Carry occurred out of the high-order byte. 


Program Notes: 

1. Binary overflow bit is reset during the instruction phase of this operation. 

2. Overlapping the operands with the rightmost byte of the first operand to the left of | 
the rightmost byte of the second operand results in destroying part of the second 
operand before it takes part in *he operation. 

Example: 


Instruction Index Register 1 = OCCO 


jo fom | to 


Operand 1 before Operation 


fe he 00110101] 11001011 11101101] 01100100 


Addresses OCBD OCBE. OCBF occo 


Operand 2 , 


[ee oe allt ne 01011011) 01010101 01111000| 11001101 


Addresses OcCD OCCE OCCF ocbDOo 


Operand 1 after Operation 


ee 10010001 | 00100001) 01100110; 00110001 


1 
OCBD OCBE OCBF occo 


Condition Register before Operation 


00000000 


Bits 0 7 


Condition Register after Operation 


00000010 


Bits O 7 
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2-16 


Subtract Logical Characters 


Mnemonic: SLC 


Op Code Q Byte Operand Addresses (2 to 4 Bytes) 


po ee 2 nae ag 
fect Ths wal wed | 
= eee 


Operation: The positive binary number contained in the bytes of the second operand is 
subtracted, byte by byte, from the positive binary number contained in the bytes of the 
first operand. The result is stored in the first operand. The operands are addressed by their 
rightmost bytes. If the second operand is larger than the first operand, the answer is devel- 
oped as though the first operand had an additional high-order binary digit. The result can 
never be negative. For example: 


First Operand 01101101 
Second Operand 0111 1110 
Result 11101111 


The Q byte specifies the length in bytes of the operands. L is one less than the length of 
either operand. Both operands must be the same length. The maximum length of the oper- 
ands is 256 bytes. 

The operands can overlap if the rightmost byte of operand 1 is coincident with or to the 
right of the rightmost byte of operand 2. The second operand is not changed unless the 
operands overlap. 


Resulting Condition Register Settings: 


Equal Result is zero. 

Low First operand is smaller than the second operand. 
High First operand is greater than the second operand. 
Decimal overflow Not affected. a 
Test false Not affected. 


Binary overflow Not affected. 


Program Note: Overlapping the operands with the rightmost byte of the first operand to 
the left of the rightmost byte of the second operand results in destroying part of the second 
operand before it takes part in the operation. 


Example: 


Instruction Index Register 2 = OCCO 
a 


Operand 1 before Operation 


a ia 10010110 | 01011010) 01110111 jrona1a4 


Addresses OCBD OCBE OCBF OCCO 


Operand 2 


i te asl 01110100} 100001 10j 01100010/ 10100100 


Addresses OoccD OCCE OCCF OCDO 


Operand 71 after Operation 


Eo 00100001 | 11010100 | 00010101 | 00011011 


OCBD OCBE OCBF occo 


Condition Register before Operation 


0000 0000 


BitsO 7 


Condition Register after Operation 


00000 100 


BitsO 7 
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Add to Register 
Mnemonic: A 


Op Code OQ Byte Operand Address 
=e 

pve 2 
Operation: The positive binary number contained in the two-byte field addressed by the 
operand address is added to the contents of the two-byte register selected by the Q code. 
The result replaces the contents of the register. The operand is addressed by its rightmost 
byte and is not changed by the operation. 

The Q code selects the register to be modified. The high-order bit (bit 0) of the Q code 
determines which of two groups of registers will be modified. The remaining bits of the 


Q code determine which specific register within the group will be modified. If bit 0 of the 
Q code is zero, the remaining bits cause modification of the registers as follows: 


Bit Register 


Not used 

Main program level instruction address register 

Instruction address register in use when the add-to-register instruction is executed 
Address recall register 

Program status register 

Index register 2 . 

Index register 1 _ 


SANNA RWNDY 


If the high-order bit of the Q code is 1, the selected group is the four instruction registers 
for the four interrupt levels. The instruction address registers are selected by the remaining 
bits as follows: 


Bit Interrupt Level 


Interrupt level 1 
Interrupt level 2 
Interrupt level 3 
Interrupt level 4 


hWN 


This instruction must not be used to add to more than one register at a time. The result © 
of attempting to add to two registers simultaneously can be either incorrect parity or incor- 
rect results in the registers. : 


Resulting Condition Register Settings: 


Equal Result is zero. 

Low No carry occurred from the high-order byte and the result is not zero. 
High Carry occurred from the high-order byte and the result is not zero. 
Decimal overflow Not affected. 

Test false Not affected. 


Binary overflow Carry occurred from the high-order byte. 


Program Notes: 


1. | Even though this instruction can modify the program status register, the contents of 
the condition register will be placed in the low-order byte of the program status regis- 
ter during I-phase of this instruction. 

2. This instruction can be used to subtract from the value contained in a register by 
placing the two’s complement of the value to be subtracted in the operand. 


Example: 


Instruction 


01001000 | 00100000 


0003 0004 


Oo 
DG 
oO 
= 
o 
=] 
Qa 
_ 


Index Register 2 


00110101 | 01101010 


Before Operation 


10001010 


After Operation 


Condition Register after Operation 


00 000 010 
BitsO . 7 
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2-20 


Data Handling Instructions 
Move Hexadecimal Character 


Mnemonic: MVX 


Op Code OQ Byte Operand Addresses (2 to 4 Bytes) 
Seo ole oats a 
px fo] | ! 
oe ee 


Operation: The numeric (low-order 4 bits) portion or the zone (high-order 4 bits) portion 
of the single-byte second operand is placed in the numeric portion or zone portion of the 
single-byte first operand. The second operand is not changed, unless both operands address 
the same byte. 


The Q code specifies which portion of each operand is to be used in the operation. 
Hexadecimal Value of Q Code Operand2  Operand 1 


00 - Zone to zone 
01 Numeric to zone 
02 Zone to numeric 
03 Numeric to numeric 


The high-order 6 bits of the Q byte should all be zeros. 


Resulting Condition Register Settings: The condition register is not affected by this 
instruction. 


Example: 
Instruction 


ee ee a 


Index Register 1 = 2B15 
Index Register 2 = 1F20 


Operand 1 before Operation 


2F 
1FCO 


Operand 2 


4c 
2B7A 


Operand 1 after Operation 


CF 
1FCO 


Move Characters 


Mnemonic: MVC 
Op Code QByte Operand Addresses (2 to 4 Bytes) ; 


es ou tae ed eM 


2h eee | 
eos See ec 


Operation: The second operand is placed byte by byte in the first operand location. The 
second operand is not changed. The operands are addressed by their rightmost bytes. One 
character can be propagated through an entire field by setting the operand 1 address one 
byte to the left of the operand 2 address. Operand 2 is not changed unless the fields are 
overlapped. 

The Q code specifies the length of the operands. L is one less than the length in bytes of 
either operand. Both operands must be the same length. The maximum length of the oper- 
ands is 256 bytes. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


eee fe ome) ae ea 


Operand 1 before Operation 


Eee ee Ce ree ee 


Addresses 1A01 1A02 1A03 1A04 1A05 1A06 


Operand 2 


ee ee oe es 


Addresses 2855 2B56 2B57 2B58 2B59 2B5A 


Operand 1 after Operation 


abe a aed ee de See ieee eee 


1A01 1A02 1A03 1A04 1A05 1A06 
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2-22 


Edit 
Mnemonic: ED 


Op Code OQ Byte Operand Addresses (2 to 4 Bytes) 


a SoS Eg 
[~=TeT [1 3 
= ae Sey 


Operation: The decimal numeric characters in the second operand replace the bytes con- 
taining hexadecimal 20 in the edit pattern contained in the first operand. All characters 
other than hexadecimal 20 in the edit pattern remain unchanged. The zone bits of all the 
replaced characters are set to all 1’s. The result of the edit operation occupies the first 
operand; the second operand is not changed. The operands are addressed by their rightmost 
‘bytes. The operands cannot be overlapped. 
The Q byte specifies the length of operand 1. L1 is one less than the length in bytes of 
operand 1. Operand 2 contains the same number of bytes as the number of hexadecimal 
20 characters in operand 1. 


Resulting Condition Register Settings: 


Equal Second operand is zero. 
Low Second operand is negative. 
High Second operand is positive. 
Decimal overflow Not affected. 

Test false Not affected. 


Binary overflow Not affected. 


Example: 


Instruction 


Ta [a lelele le 


Operand 1 before Gsintion 


OOB5 OOB6 00B7 OOB9 OOBA OoOoBB OOBC OOBD OOBE OOBF 
Operand 2 
0002 0003 0004 0005 0006 0007 


Operand 1 after Operation 


OOBS O0B6 00B7 OOB8 OOB9 OOBA OOBB OOBC OOBD OOBE OOBF 


Note: Location OOBD contains a 9 because the zone bits of all replaced 
characters (zeros) in the edit pattern are set to all ones. 


Condition Code 


000,00.010 


Bits O 7 


Insert and Test Characters 


Mnemonic: ITC 


Op Code QByte Operand .Addresses (2 to 4 Bytes) 


Operation: The single character at the second operand address replaces all the characters 
to the left of the first significant digit in the first operand. Only the digits 1 through 9 are 
significant. The first operand is addressed by the leftmost byte that can contain a character 
that should be replaced. (For example, if the high-order byte of the field for the first oper- 
and contains a dollar sign, the first operand address is the address of the byte to the right 
of the dollar sign.) The operation proceeds from left to right. Filling operand 1 with the 
character from operand 2 or encountering a significant digit in operand 1 ends the 
operation. 

The Q byte specifies the length in bytes of operand 1. L1 is one less than the number of 
bytes in operand 1 from the first byte addressed to the end of the field. The second operand 
is a single byte. 

At the end of this operation, the address of the first significant digit is placed in the 
address recall register. If no significant digit is found, the address of the byte to the right of 
the first operand is placed in the address recall register. The address recall register can be 
changed again only by a decimal add, decimal subtract, branch, or insert-and-test-character 
instruction. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


Operand 1 before Operation 


OOB5 00B6 00B7 00B8 00B9 OOBA OOBB OOBC OOBD OOBE OOBF 


Operand 2 


eh 


0010 


Operand 1 after Operation 


00B5 00B6 00B7 00B8 00B9 OOBA OOBB ooBc OOBD OOBE OOBF 
Note: Address OOB5 was not included in the first operand. 


Address Recall Register after Operation 


To [eo 
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2-24 


Move Logical Immediate 
Mnemonic: MV1I 


OpCode QByte Operand Address 


| 
eS eae cs 


Operation: The data contained in the Q byte of the instruction is moved into the byte 
located at the operand address. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 
Instruction 


Operand before Operation 


_ 2FCB 


Operand after Operation 


; 


2FCB 


Set Bits On Masked 


Mnemonic: SBN’ 


OpCode QByte Operand Address 


Site aos 7 
Cv Tmt 


Operation: The byte of data contained in the mask byte (M) is used to set to one the cor- 
responding bits in the byte located at the operand address. Any bits in the operand that are 
already set to one remain set to one. A mask bit equal to one indicates that the correspond- 
ing operand bit is to be set to one. A mask bit equal to zero indicates that the corresponding 
bit is to remain unchanged. . 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


Operand before Operation 


00001100 


0020 


Operand after Operation 


01011110 


0020 


Set Bits Off Masked 


Mnemonic: SBF 


Op Code QO Byte Operand Address 


Pe tom t [| 


Operation: The data contained in the mask byte (M) is used to set to zero the correspon- 
ding bits of the byte located at the operand address. Any bits in the operand that are 
already set to zero remain zero. A mask bit equal to one indicates that the corresponding 
operand bit is to be set to zero. A mask bit equal to zero indicates that the corresponding 
operand bit is to remain unchanged. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


Operand before Operation 


0030 


Operand after Operation 


01111000 


0030 
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2-26 


Store Register 


Mnemonic: ST 


OpCode OQOByte Operand Address 


Operation: The contents of the two-byte register specified by the Q code are placed in 
the two-byte field addressed by the operand address. The operand is addressed by its 
rightmost byte. 

The Q byte specifies the register to be stored. The high-order bit of the Q byte, bit 0, 
specifies which of two groups of registers is to be addressed. The low-order bits specify 
which register within each group is to be stored. 

If the high-order bit is zero, the selected group consists of the following seven local 
storage registers, each represented by a single bit. 


Bit Register 


Not used 

Main program level instruction address register 

Instruction address register in use when the store register instruction is executed 
Address recall register 

Program status register. The high-order byte of this register is the length count 
recall register and has no program significance. The low-order byte is the image of 
the condition register. 

Index register 2 

d Index register 1 


aAPWON = 


ON 


If the high-order bit of the Q code is one, the interrupt instruction address registers are 
selected as follows: . 


Bit Interrupt Level 


Interrupt level 1 
Interrupt level 2 
Interrupt level 3 
Interrupt level 4 


AWN — 


Program Note: This instruction must not be used to store more than one register at a 
time. The attempt to store more than one register at a time can result in either incorrect 
parity and a parity check or incorrect data in the specified registers at the end of the 
operation. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


34 


Address Recall Register 


OA 


oO 
Oo 


Operand before Operation 


a 
2 
N 


2 
_ 32BA 


32BB 


Operand after Operation 


A 


5 
8 


32BA 


Load Register S 


_—— 


D 
32BB 


~ Mnemonic: L 


Op Code QByte Operand Address 


5 


5 
| 
| 
| 
| 
I 


Operation: The contents of the two-byte field addressed by the operand address are placed 
in the local storage register specified by the Q byte. The operand is addressed by its right- 
most byte. The operand is not changed. 


The Q 
specifies 


byte specifies the register to be loaded. The high-order bit (bit 0) of the Q byte 
which of two groups of registers is to be loaded. 


If the high-order bit of the Q byte is zero, the selected group consists of the following 
seven local storage registers, each represented by a single bit. 


b& 


it 


MRWN 


aa 


Register 


Not used 

Main program level instruction address register 

Instruction address register in use when the load register instruction is executed 
Address recall register 

Program status register. The high-order byte of this register is the length count 
recall register and has no program significance. The low-order byte of this register 
holds a condition code and is loaded under special conditions described in the 
programming notes for this instruction. 

Index register 2 

Index register 1 


If the high-order bit of the Q byte is one, the interrupt instruction address registers are 


selected 
Bit 


PWD ee 


as follows: 


Interrupt Level 


Interrupt level 1 
Interrupt level 2 
Interrupt level 3 
Interrupt level 4 
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Program Notes: 


1. This instruction must not be used to load more than one register at a time. The 
attempt to load more than one register can result in incorrect register contents. 

2. When the program status register is selected, the contents of the low-order byte of 
the operand has the following significance: bit 7 equals 1, set equal condition; bit 7 
equals 0 and bit 6 equals 1, set low condition; bit 7 equals 0 and bit 6 equals 0, set 
high condition; bit 4 equals 1, set decimal overflow condition; bit 3 equals 1, set test 
false condition; bit 2 equals 1, set binary overflow condition. When bit 7 of the oper- 
and equals 0, bit 6 controls setting bit 5 of the program status register low-order byte. 
Bit 5 is set to 1 when bit 6 equals 0 and is set to 0 when bit 6 equals 1. Bits 0, 1, and 
5 of the operand are ignored. The condition register is set at the same time as the 
program status register under the same controls. 

3. If the main program level has been halted and this instruction is used by an interrupt 
routine to load the main program level instruction address register, the main program 
level is reset from the halt state and will proceed at the new address when the inter- 
rupt routine exits to the main program level. The main program level halt indicators 
are turned off. . 

4. Anunconditional branch can be performed without disturbing the address recall 
register by using this instruction to load the instruction address register. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register setting unless the program status register is being loaded. 


Example: 


35 


= 
n 
ad 
a 
c 
Q 
a 
° 
3 


Operand 
00000000 
0010 0011 


00000000 


Program Status Register before Operation 


00001100 | 00110001 


Program Status Register after Operation 


00000000 | 00000100 


Condition Register after Operation 


00000109 
BitsO 7 
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Load Address 
Mnemonic: LA 


Op Code QByte Operand 


Operation: If the instruction is in the four-byte format (op code C2), the two-byte oper- 
and is taken from the instruction stream and loaded into the register specified by the Q 
byte. 

If the instruction is in the three-byte format (op code D2 or E2), the single-byte oper- 
and is taken from the instruction stream and added to the contents of the index register 
specified by the op code. The result of this addition is loaded into the register specified 
by the Q byte. Only index registers can be loaded with this instruction. Bits 6 and 7 of 
the Q code specify which index register to load as follows: 


Bit Register 


6 Index register 2 
7 Index register 1 


Program Note: This instruction must not be used to load both index registers at the same 
time. The attempt to load both registers can result in incorrect data in the register. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Example: 


Instruction 


poe |e 
Index Register 1 


2s 


Index Register 2 after Operation 


e 


® 
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2-30 


Logical Instructions 
Compare Logical Characters 
Mnemonic: CLC 


Op Code QO Byte Operand Addresses (2 to 4 Bytes) 


Operation: The first operand is compared with the second operand, byte by byte, and the 
condition register is set according to the result of the comparison. Each operand is treated 
as a binary quantity. Each operand is addressed by its rightmost byte. Neither operand is 
changed as a result of this operation. 

The Q byte specifies the length of the operand. L is one less than the length in bytes of 
either operand. Both operands are the same length. 


Resulting Condition Register Settings: 


Equal - Operands are equal. 
Low. First operand is smaller than the second operand. 
High First operand is greater than the second operand. 


Decimal overflow Not affected. 
Test false Not affected. 
Binary overflow Not affected. 


Example: 


\ 


Instruction ; 
fo [ m | om [| 2 | o | @ 


Operand 1 


0010 0011 0012 


Operand 2 
23 


Tm [ 


0000 0001 0002 


Condition Register 


00000100 
Bits O 7 


Compare Logical Immediate 


Mnemonic: CLI 
Op Code OQ Byte Operand Address 


Operation: The binary immediate operand contained in the Q byte is compared with the 
binary operand in storage located at the operand address. The result sets the condition 
register. Neither operand is changed as a result of this operation. 


Resulting Condition Register Settings: 


Equal Operands are equal. 
Low Storage operand is smaller than the immediate operand. 
High , Storage operand is greater than the immediate operand. 
Decimal overflow Not affected. 
Test false Not affected. 
Binary overflow Not affected. 
Example: 
Instruction 


[ef [le [| 
Storage Operand 


0021 


Condition Register after Operation 


00000001 


Bits 0 7 
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2-32 


Test Bits On Masked 


Mnemonic: TBN 


Op Code O Byte Operand Address 
SSS q 

Te [wT 
--— — — 4 


Operation: The bits of the storage operand located at the operand address are tested for 
bit-equal-1 as defined by the mask contained in the Q byte. A mask bit equal to 1 indi- 
cates that the corresponding storage operand bit is to be tested; a mask bit equal to 0 
indicates that the corresponding storage operand bit is to be ignored. The result of the 
test controls the setting of the condition register. The storage operand is not changed. 


Resulting Condition Register Settings: 


Equal. Not affected. 

Low Not affected. 

High Not affected. 

Decimal overflow Not affected. 

Test false Turned on if any of the designated bits is not equal to 1. 
Binary overflow Not affected. 

Program Notes: 


1. If the mask is all zeros, the test false condition cannot be turned on. 
2. Test false condition can be turned off only by a system reset or by using test false 
as a condition in a branch-on-condition instruction. 


Example: 


Instruction 


Storage Operand 


10010101 


0021 


Condition Register after Operation 


00010000 


Bits O 7 


Test Bits Off Masked 
Mnemonic: TBF 


Op Code Q Byte - Operand Address 


Operation: The bits of the storage operand located at the operand address are tested for 
bits equal to 0 as defined by the mask contained in the Q byte. A mask bit equal to 1 
indicates that the corresponding storage operand bit is to be tested; a mask bit equal to 0 
indicates that the corresponding storage operand bit is to be ignored. The result of the test 
controls setting the condition register. The storage operand is not changed. 


Resulting Condition Register Settings: 


Equal Not affected. 
Low Not affected. 
High Not affected. 
Decimal overflow Not affected. 
Test false Turned on if any tested bit is not zero. 


Binary overflow Not affected. 


Program Notes: 

1. If the mask is all zeros, the test false condition cannot be turned on. 

2. Test false condition can be turned off only by a system reset or by using test false 
as a condition in a branch-on-condition instruction. 


Example: 


Instruction 


Storage Operand 


10010100 


0025 


Condition Register after Operation 


00010000 


Bits 0 7 
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Branch On Condition 


Mnemonic: BC 


Op Code OQ Byte Branch Address 


— oo om 


Operation: The condition register is tested under control of the Q byte. If the condition 
register satisfies the condition or conditions established by the Q code, the next instruction 
is taken from the branch address; and the next sequential instruction address is placed in 
the address recall register. If the condition or conditions are not satisfied, the next 
instruction is taken from the next sequential instruction address contained in the instruc- 
tion address register; and the branch address is placed in the address recall register. The 


. address placed in the address recall register is retained there until a decimal add, decimal 


subtract, test-I/O-and-branch, insert-and-test-characters, or another branch-on-condition | 
instruction is executed. 

The Q byte defines what condition or what conditions are to be tested in the condition 
register and whether the branch is to occur on condition true (condition register bit 
equal to 1) or condition false (condition register bit equal to 0). When bit 0 of the Q byte 


equals 1, the branch occurs on condition true; when bit 0 equals 0, the branch occurs on 


condition false. 

Bits 2 through 7 of the Q byte define the condition register bits to be tested. More than 
one condition code bit can be tested at the same time. The Q code bits and the conditions 
tested are: 


Bit Condition Tested 


2 Binary overflow 
3 Test false 

4 Decimal overflow 
5 High 

6 Low 

7 ~~ ‘Equal 


When bit 0 equals 1 (condition true), if any of the conditions tested is one, the branch 
occurs. When bit 0 equals 0 (condition false), the branch occurs if all of the conditions 
tested are zero. 


Resulting Condition Register Settings: 


Equal Not affected. 
Low Not affected. 
High Not affected 
Decimal overflow Turned off if tested, siherwise: not affected. 
Test false Turned off if tested, otherwise, not affected. 


Binary overflow Not affected. 


Program Notes: 


1. The Q code 80, X7, or XF (where X equals 0 through 7), causes the branch operation 
to perform as a no-op. 

2. An unconditional branch occurs when the Q meee contains 00, X7, or XF (where 
x equals 8 through F). 


Example: 


Instruction 


OBCC OBCD OBCE OBCF 


Condition Code before Operation : = 


00011001 


Instruction Address Register after Operation 


02 BF 


Address Recall Register after Operation 


OB 


Condition Register after Operation 


00010001 
Bits 0 7 


Jump On Condition 
Mnemonic: JC 


Op Code OQByte Control Code 
fee |e | 


Operation: The condition register is tested under control of the Q Code. If the condition 
register satisfies the condition or conditions established by the Q code, the one-byte 
control code is added to the value in the instruction address register (the address of the 
next sequential instruction), and the sum becomes the address of the next instruction. 

The Q byte defines the condition or conditions that are to be tested in the condition 
register. Bit O of the condition register specifies a condition true jump (tested bit: 
equals 1), or a condition false jump (tested bit equals 0). 

When bit 0 of the Q byte equals 1, the jump occurs on condition true; when bit 0 
equals 0, the jump occurs on condition false. 

Bits 2 through 7 of the Q byte define the condition register bits to be tested. More than 
one condition register bit can be tested at the same time. The Q byte bits and the 
conditions tested are: 


Bit Condition Tested 


Binary overflow 
Test false 
Decimal overflow 
High 

Low 

Equal 


Under condition true (bit 0 equal to 1) testing, the jump occurs if any of the conditions. 
equal one. Under condition false (bit 0 equal to 0) testing, the jump occurs if all of the 
conditions tested equal zero. 


SAR W WD 
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Resulting Condition Register Settings: 


Equal Not affected. 
Low Not affected. 
High Not affected. 
Decimal overflow Turned off if tested, otherwise, not affected. 


Test false Turned off if tested, otherwise, not affected. 
Binary overflow Not affected. | 


Program Notes: 
1. The Q code 80, X7, or XF (where X equals 0 through 7) causes the operation to perform 
as a no-op. 
2. An unconditional jump occurs when the Q code is 00, X7, or XF (where X equals 
8 through F). 
Example: 
Instruction 


2 [oorroo00] oF | 


OBBD OBBE OBBF 


Condition Register before Operation 


00001001 


Instruction Address Register after Operation 


Condition Register after Operation 


00001001 


Bits O 7 


Halt Instructions 
Halt Program Level 


Mnemonic: HPL 


Op Code Halt Identifier 


Operation: This instruction prevents the execution of the next sequential instruction 
and displays a halt identifier in the display unit on the console keyboard. The display 
unit consists of nine indicators as follows: four alphabetic indicators labeled A, B, C, 
and D and five numeric indicators labeled 1, 2, 3, 4, and 5. The indicator lamps are 
individually controlled by the bits in the halt indicator bytes as follows: 


Bit Alpha Indicator Lighted Numeric Indicator Lighted 


0 Reserved Reserved 
1 A 1 
2 B 2 
3 C 3 
4 D 4 
5 Reserved 5 
6 Reserved Reserved 
7 Reserved Reserved 


The halt operation is performed for any bit combinations of the identifier bytes including 
all zeros. The display unit is turned off (reset to blank) whenever the program is no longer 
in the halt operation. 


Resulting Condition Register Settings: This instruction does not affect the condition register. 


Program Notes: 


1. A halt program level instruction is functional only in the main program and operates as 
a no-op in interrupt level sequences. 

2. The main program level can be stopped with a halt program level instruction to wait for 
an interrupt request. The interrupt routine can modify the main program instruction 
address register with a load register instruction to return to the main program at an 
instruction other than a halt instruction. The main program resumes operation and the 
display unit is turned off immediately after such a load register instruction is executed. 

3. For checks requiring CE intervention, we recommend the following unique 
halt identifier combinations: 


Hard equipment check CD13 
Error while logging I/O CD15 
error on fixed disk | 
Disk file one ABCD1 
Disk file two ABCD15 
Keyboard ABCD14 
Printer ABCD145 
Ledger card device ABCD13 
Data recorder ABCD135 
CRT display station ABCD134 
Communication adapter ABCD1345 
Serial I/O adapter ABCD 12 


The remaining combinations of ABCD1 should not be used. 
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Example: 





Input/Output Instructions 


Five specific instructions are provided for 1/0 operations. The op code for these instruc- 
tions is the same for all I/O devices. Bits 0 through 4 of the Q byte of these instructions 


_ provide a device address (DA) and modifier (M) bits. In the following table, both the 


device address (DA) and modifier (M) are shown because the modifier specifies the device 
in some cases. ° : 


Device | _ Address ‘ 
| _DA Mi. 


AOD Sie 01234 
Binary synchronous 


communication adapter 100 0 0 
Data recorder © e 11110 
Disk storage drive: 

Drive 1 removable disk 10 1 0 0, 

Drive 1 fixed disk 10101 
_ Drive 2 removable disk 10110 - 

Drive 2 fixed disk 101141 
Display station 10010 
Keyboard-console 00010 
Magnetic characterreader OO 1 1 0 
Printer 11100 
Printer, ledger card device 11101 
Serial input/output 

channel adapter ‘00110 


Bits 5 through 7 of the Q byte provide an N code. These instructions and the specific 
bits that should occupy each of these Q byte bit positions are discussed under the specific 
I/O unit or operation that uses them. 


Start 1/0 


- Mnemonic: SIO 


Op Code ‘a Byte Control Code 
Cc 
Operation: The operation of start I/O for each individual device is discussed under that 


device. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Program Notes: 


1. | For some I/O units the start I/O instruction is no-oped if a unit check condition 
_ that prevents the execution of a start I/O instruction exists in the addressed device. 

No-oping the instruction results in setting a no-op status bit in the device. 

2. Astart I/O instruction that specifies the reset of an interrupt condition is executed 
regardless of any unit check condition in the addressed device. 

3. Any unit check condition that does not prevent the execution of a start I/O 
instruction is reset by the start I/O instruction, and the instruction is executed. 

4. Astart I/O instruction addressed to a deyice that is busy or not ready results 
in a loop on that instruction until that device is ready or not busy . 


Sense 1/0 


Mnemonic: SNS 


Op Code Q Byte Operand Address 


T tees wage od 


Operation: Data is taken from a source specified by the N code portion of the Q byte 
and placed in the two-byte field specified by the operand address. The operand is 
addressed by its rightmost byte. | 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Load 1/0 
Mnemonic: LIO 


Op Code Q Byte Operand Address 


ee ed 
SS 


Operation: The contents of the two-byte field addressed by the operand address are 
transferred to a destination specified by the N code of the Q byte. The operand is ad- 
dressed by its rightmost byte. A Q byte of 00 results in a no-op condition. If the no-op 
status bit for the addressed device is on when the load I/O instruction is executed, the 
instruction is no-oped. 


Program Note: A load I/O instruction issued to a busy device causes the program 
to loop at the load I/O instruction until the device becomes not busy. 


Resulting Condition Register Settings: The load I/O instruction does not affect the 
condition register. : 
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Test 1/0 and Branch 


Mnemonic: TIO 


OpCode Q Byte Branch-to Address 


Sea 
ieee a) 


Operation: The condition specified by the Q byte is tested in the addressed device. If the 
condition is present, the branch-to address is placed in the instruction address register 

and the next sequential instruction address is placed in the address recall register. If the 
condition is not present, the next sequential instruction address is used and the branch-to 
address is placed in the address recall register. The address placed in the address recall 
register remains there until the next decimal add, decimal subtract, insert-and-test-characters, 


_or branch instruction is executed. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


Advance Program Level 


Mnemonic: APL 


Op Code OQ Byte 


Operation: If the condition specified by the N code of the Q byte exists at the addressed 
device, the program loops on the advance program level instruction until the specified 
condition no longer exists at the device. The program then proceeds with the next 
sequential instruction. If the specified condition does not exist at the addressed device, 
the next sequential instruction is taken. 


Program Note: The advance program level instruction should not be used to test for unit 
check. An advance program level instruction specifying unit check becomes a one-instruc- 
tion loop when unit check exists. In this type of operation there would be no indication 
to the operator that the program was in a one-instruction loop and that a unit check 
condition existed. 


Resulting Condition Register Settings: This instruction does not affect the condition 
register. 


CE CONTROL PANEL 


The customer engineer (CE) control panel (Figure 2-4) is located behind the cover on the 
front of the processing unit. It contains the lights and switches necessary for customer 
engineering to maintain the system. Some of these lights and switches are useful for 
analyzing programming errors. 


Address/Data Compare Switches 


These switches are used in conjunction with controls on the CE panel to enter data into 
storage or to set up addresses for accessing storage. Each switch controls the setting of 
four bits in either storage or the storage address register. 
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Figure 2-4. Customer Engineer Control Panel 
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Register Display Unit 


The register display unit consists of a row of twenty lights and eight legend strips mounted 
on an eight-position roller-type switch. Rolling the switch knob selects the legend strip 
and the register to be displayed. The legend strips display the following information: 


Strip Number _ Display 


1 SAR HI and SAR LO—contents of the two-byte storage address register 
7 . LSR HI and LSR LO—contents of a local storage register selected by a 
| switch on the CE panel 
3 OP REG—contents of the op register 
_ QREG-contents of the Q register 
4 B REG—contents of the B register 


ALU CTL-—state of all of the following ALU controls: 
DIG CAR __sDigital carry 


~ DEC Decimal instruction | 
RECOMP Recomplement 
ADD Addition 
SUB Subtraction 
TEMP CAR = Temporary carry 
AND Logical AND 
OR Logical OR 
5 A REG—contents of the A register 
ALU OUT-output of the ALU | 
6 COND REG-—contents of the condition register as follows: 
BIN OVF Binary overflow 
TF Test false 
DEC OVF Decimal overflow 
HI High 
LO Low 
EQ Equal 
7 CS ASNMT-—cycle steal assignment as it is presented to the I/O devices 
INT LEV-—interrupt level indicating which I/O device is interrupting 
_ the program | 
8 PROC CHK—the following causes of processor checks are displayed. 


Most of these indications are useful only to the customer engineer, but 
some of them are useful in analyzing programming errors. 


I/O LSR—indicates that the selection of the LSR by an I/O device was 

_ not performed correctly. The CE LSR selector switch must be set to 
normal to obtain an indication of an LSR parity check. 
LSR F1—indicates that parity is incorrect on the output of the LSR’s 
associated with certain optional features. 
LSR F2-this indicator is nonfunctional on Model 6. 
LSR HI—indicated that parity is incorrect on the high-order byte output 
LSR LO—indicates that parity is incorrect .on the low-order byte output 
of the LSR’s associated with the system with standard I/O devices. 
SAR HI—indicates that parity is incorrect in the high-order byte of the 
storage address register. 
SAR LO-indicates that parity is incorrect in the low-order byte of 
the storage address register. . 
INV ADDR-indicates that the address contained in the storage address 
register is outside the address range of the system. 


2-42 


Strip Number Display . 


8 (continued) SDR--indicates that parity is incorrect in the storage data register. 

, ~ *  CAR-indicates that the carry out of the ALU is incorrect. 
DBI—parity is incorrect on data received from an I/O device. 
A/B—parity is incorrect in the A register or the B register. 
ALU-—parity is incorrect at the output of the ALU. 
CPU DBO-—indicates that the processing unit attempted to send data 
with incorrect parity to an I/O device. 
OP/Q—indicates that the op register or the Q register contains 
incorrect parity. 
INV OP-—indicates that the byte in the op register does not specify a 
valid operation. 
CHAN DBO- indicates that the processing unit sent data with correct 
parity to an I/O device, but the I/O device received data with 
incorrect parity. 
INV Q—indicates that the Q byte in the Q register is not valid. 


Machine Cycles Display 


These lamps are used by the CE in servicing the system. None of these lamps are on during 
test mode operations, after a system reset or stop key operation, or during address 
compare stop. 


Clock Cycles Display 
These lamps are used by the CE in servicing the system. 


CE Mode Selector 


This rotary switch selects one of three processing unit modes: the normal process mode, 
the step mode, or the test mode. PROCESS is the normal mode for programmed system 

operation. In the STEP mode the rotary switch setting controls the manner in which the 
processing unit performs the stored program. 


1. Instruction step—each time the start key is pressed and released the processing unit 
performs one complete instruction. 

2. Machine cycle step—each time the start key is pressed and released, the processing 
unit executes one machine cycle. 

3. Clock step—each time the start key is pressed and released the processing unit 
executes two clock cycles. 


I/O operations operate in their normal manner in step mode operations. I/O requests for 
interruptions are honored in step mode, and the interrupting routine operates in 
step mode. | 

The switch settings under the test mode permit the following operation: 


1. Alter SAR—with the CE mode selector switch set to this position, pressing the 
start key transfers the setting in the address/data compare switches to the instruc- 
tion address register in use at the time and into the storage address register. 

2. Alter storage—with the switch in this position, pressing and releasing the start key 
transfers the data specified by the two rightmost address/data compare switches 
into the A register and into storage at the address specified by the SAR. (For 
altering storage from the keyboard, see ‘‘Altering Storage” in the “I/O Operations” 
section.) 

3. Display storage—pressing and releasing the start key transfers the data at the ad- 
dress specified by the storage address register to the B register, and then to the Q 
register, where it can be displayed by the roller switch on the display panel. 

The data is not destroyed in storage. 
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The storage test switch must be in the step position to avoid a processor check when 
the CE mode selector switch is moved between the alter storage position and the display 
storage position. Moving the mode switch through the alter-storage position to the alter- . 
SAR position causes the keyboard to unlock. If having the keyboard unlocked is detri- 
mental to your operation, operate the system-reset switch before you operate the start 
switch after the mode switch has been returned to the run position. 


Note: No test is made for invalid storage addresses when the CE mode selector switch is 
in one of the test positions. No storage location will be selected by the invalid address. 


System Reset Key 


Pressing this key resets the power check condition and causes all I/O and machine regis- 
ters (not local storage registers) to be reset to zero. The instruction address register for 
the main program and the program status register are reset to zero; all other local storage 
registers are unaffected. A complete program restart is normally required after a system 
reset. 


Check Reset Key 


Pressing this key resets the processor check and input/output checks. Resetting the checks 
allows the processing unit to resume processing when the start key is pressed. 


File Write Switch 


When this switch is in the off position, write operations cannot be performed on the disk 
file. Issuing a start I/O write instruction with this switch off causes the processing unit to 
loop on the start I/O write instruction. 


Start/Stop Switch 


When placed in the start position, this switch will take the processor out of the halt state 
(i.e., it will turn off the halt code lights and stop indicator and allow the processor to resume 
normal operation). 

When placed in the stop position, this switch causes the processing unit to halt at the end 
of the operation during which the switch was activated. The halt is indicated by the turn-on 
of the stop indicator on the system keyboard console. I/O data transfers are completed 
without loss of information. 

The processing unit may be restarted, without loss of information, only by placing the 
switch in the start position. — 


Address Compare Switch 


When this switch is set to STOP, the CE mode selector switch is set to PROCESS, and the 
register display switch is set to SAR, the processing unit stops at the end of the cycle in 
which the storage address matches the address specified by the address/data compare 
switches. The processing unit is restarted by operating the start switch. 


CE Servicing Switches 


The following switches are normally used only by the customer engineer. They should be 
left in the positions indicated in parentheses: 


1. Storage test (step) 


2. Address increment (on) 
3. 1/0 overlap (on) 

4.  /Ocheck (run) | 

5. Parity check (stop) 


During normal processing, all two-position switches should be in the down position. 


Address Compare Light 


This indicator lights whenever the address/compare switches match the address in the storage 
address register, the register display switch is set to SAR, and the address compare switch is 
set to STOP. 


1/0 Check Light 


This lamp lights when certain I/O errors are detected by an addressed I/O device. The light 
is turned off by system reset or by the I/O device. This light is used primarily by the CE. 


LSR Display Selector Switch 


This switch selects the local storage register to be displayed by the LSR position of the 
register display switch. The LSR’s displayed are the LSR’s in use (main program level or 
interrupt level). In the normal position, the register in use at any particular instant is the 
one displayed. The switch must be in the normal position for LSR parity checks to be 
displayed. : 


MANUAL OPERATION PROCEDURES 


Altering Storage Addresses 
This procedure is used to begin at a specific point in a program: 


1. Move the system start switch toSTOP. _ 

2. Turn the CE mode selector switch to ALTER SAR. 

3. Set the address/data compare switches to the desired address. 
4. Move the system start switch to START. 


If the CE mode selector switch is now turned to PROCESS, and the system start switch 
is operated, processing begins with the instruction located at the address set in the SAR. 


Altering Storage 


1. Move the system start switch to STOP. 

2. Set the CE mode selector switch to ALTER SAR. 

3. Set the address of the storage position you want to alter in the address/data com- 
pare switches. 

4. — Move the system start switch to START. 

- Turn the CE mode selector switch to ALTER STOR. 

6. Set the two rightmost address/data compare switches to the hexadecimal value you 
want to enter into storage. 

7. Move the system start switch to START. 


In order to resume normal operation, set the storage address register to the address of the 
instruction at which you wish to begin. This is accomplished by the procedure described 
under “Altering Storage Addresses”. 


WN 


Displaying Local Storage Registers 


1. Move the system start switch to STOP. 
2. Turn the register display roller switch to LSR HI/LSR LO. 
3. Turn the LSR display selector switch to the desired LSR. 


Stopping at a Particular Address 


1. Set the address compare switch to STOP. 

2. Turn the register display roller switch to SAR HI/SAR LO. 

3. Set up the desired address in the address/data compare switches. 
4 Move the system start switch to START. 
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At the end of the cycle in which the desired address is used to access storage, the process- 
ing unit stops with the address compare light on. After the system is stopped, a manual 
operation such as alter storage, display storage, or manual branching can be performed. 
Care must be taken to insure that the operation in progress at the time that the address 
compare occurs is completed before altering storage, or manual branching. Storage can be 
altered or displayed in the middle of an operation such as during the E-A and E-B cycles of 
an add or subtract operation. 

To perform this type of operation: 


1. Set address compare to STOP. 

2. Note the contents of the instruction address register. 

3 Alter the storage address register to the address in stoTabe that is to be altered or 

displayed. 

4. Alter or display storage. 

5. Restore the contents of the instruction address register by placing the instruction 
- address register contents in the storage address register. 

6. Turn the CE mode selector switch to PROCESS. 

7. Operate the system start switch. 


If a manual branch is to be performed, the operations following the manual branch must 
be considered. If the program status register and/or the results of the operation in progress 
are to be used and a return to the main program is required after the manual branch: 


Address compare stop. 

Turn the CE mode selector switch to INSTR. 

Press and release the start key once. 

Write down the contents of the instruction address register. 

Change the instruction address register by altering the storage address register to the 
first instruction address in the subroutine. 

At the end of the subroutine, restore the instruction address register by altering the 
storage address register to the address recorded in step 4. 

7. Turn the CE mode selector switch to PROCESS. 

8. Operate the system start switch to continue the main program. 


Coe eS 


- 


If only a return to the main program is required after the address compare stop, and the 
address compare stop occurs in an instruction cycle: 


Address compare stop. 

Operate the system reset switch. 

Manually branch to the subroutine by altering the instruction address register. 
Restore the instruction address register to the op code of the stopped instruction. 
Turn the CE mode selector switch to PROCESS. 

Operate the system start switch to continue the main program. 


Pe a NS 


If a return to the main program is not required after the manual branch, but either the 
program status register or the result of the peer being performed is required by the 
subroutine: 


1. Address compare stop. 

2. Turn the CE mode selector switch to INSTR. 

3. Operate the system start switch once. 

4 Perform the manual branch to the subroutine by altering the storage address register 
to the first instruction step in the subroutine. | 


If a return to the main program is not required, and only the results of the last operation 
are required by the subroutine: 


1. Address compare stop at the desired address. 
Address compare stop at the I-op address of the next sequential instruction. 


2. 
3. Operate the system reset switch. 
4 


Perform the manual branch to the subroutine by altering the storage address 
register. 


CHECK CONDITIONS 


If none of the conditions (return to main program, use the program status register, or use 
the results of the last operation) are needed by the subroutine: 


1. Address compare stop. 
2. Operate the system reset switch. 
3. Perform the manual branch to the subroutine. 


Processor Checks 


Detection of any one of the following processor checks causes the system to come to an 
immediate stop and terminates all I/O data transfers. The processor check light turns on for 
each of these checks. The kind of processor check that stopped the system can be deter- 
mined by turning the register display roller switch to the PROC CHK position. . 


Invalid Address 


This check indicates that the storage address register contains an address outside the address 
range of the processing unit. Recovery from this check usually requires correcting and 
reloading the program. 


Invalid Op Code 


This check indicates that the op register contains a code that is not recognized as a valid op 
code. Recovery from this check usually requires correcting and reloading the program. 


Parity Check in the Processing Unit 


This check indicates that an even number of bits has been detected in a byte at one or more 


of the data or addressing check points in the processing unit. Parity errors in data trans- 
ferred from I/O units cause this check to occur. Restart procedure for this operation must 
be determined by the programmer. It usually requires reloading the program. _ 


Invalid Q Byte in an 1/O Instruction 


This check indicates that the device address (contained in the Q code of an I/O instruction) 
addressed a unit that is not available to that system or that the N code in the Q byte is not 
valid for that I/O device. Recovery from this check usually requires correcting and reload- 
ing the program. 


Unit Check 


Unit check is the result of a positive response to testing testable check indicators in the 
I/O devices with a test I/O and branch instruction. The existence of these check conditions 
is signaled to the operator by having the processing unit come to a programmed halt. The 
halt identifier is keyed to the operator’s restart/recovery procedure listing. The testable 
error indicators are discussed in the chapters of this manual dealing with I/O devices. 


IBM 5406 Processing Unit 2-47. 


METERING 


2-48 


Usage Meter 


This meter is located on the panel at the left side front of the processing unit. This meter 
records the time that the system is in operation. The meter records all the time that the 
processing unit is in operation from the time the start or load key is pressed until the job is 
completed. Time is not recorded when the processing unit is halted by either a manual or 
programmed halt, when a processor check stop occurs, when power is lost, or when the CE 
is servicing the system. When I/O operations are being performed during a programmed 
halt, time is recorded on the meter until all I/O operations are completed. 


| Disk Drive Metering 


These two meters are located on the panel at the left rear side of the processing unit. 
Each meter is connected to a separate disk drive thereby recording the time that the drive 
is in use. The disk drive meters are activated by turning on the system console switches 
marked DISK DRIVE 1 and DISK DRIVE 2. 

The first IPL (initial program load) or SIO (start I/O) instruction issued to a disk drive 
starts recording time on that drive’s meter. Time is then recorded as long as the usage 
meter is recording time or until that disk drive is switched off. 


Chapter 3. Keyboard-Console 


The keyboard-console is the prime means of operator control of the system and data 

entry into the system. Control is exercised over the system through switches and lights on 
the console. Data is entered from the keyboard (Figure 3-1) through any of three groups 
of keys: command keys, alpha-numeric and function keys, or numeric keys. 

The command keys are grouped to the left side of the keyboard. Eight command keys are 
standard. An optional feature provides an additional eight command keys. The standard 
keys are labeled 01 through 08. The optional keys are labeled 09 through 16. 

The alpha-numeric and function keys resemble an electric typewriter keyboard. All of the 
graphics can be entered from this keyboard, including alphabetic, numeric, and special 
characters. The function keys should be programmed to perform the function stated. 

The ten-key numeric keyboard is used to enter numeric data and decimal points. Three 
function keys (entert+, enter-, and erase) are associated with these keys for use in con- 
trolling the data entered. 


OPERATIONAL CHARACTERISTICS 


The keyboard-console operates in interrupt mode on interrupt level 1. Each key (including 
the inquiry request key located on the console section) generates a unique 8-bit code. Keys 
with upper and lower shift characters generate two unique codes, the code generated 
depending on whether the keyboard is in upper or lower shift. 

Three of the I/O instructions can be used with the console keyboard: start I/O, sense 
1/O, and load I/O. Test-I/O-and-branch and advance program level are not effective for the 
console keyboard and result in a processor check with invalid-Q indication if issued with the 
keyboard-console device address. 


Keyboard Operations 


Data handling operations in the keyboard require some preparation. A load register in- 
struction must be issued to load the address of the first instruction of the interrupt level 
1 routine into the interrupt level 1 instruction address register. A start I/O instruction 
must be issued to enable keyboard interruptions (interrupt level 1). 
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Figure 3-1. System Keyboard 
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After the keyboard has been prepared for operation by the start I/O instruction, the keys 
on the keyboard are freed so that they can be pressed. Pressing one of the keyboard keys 
causes two actions: 


1. Two bytes are stored in the keyboard attachment circuitry. The first of these bytes is 
a status byte that defines whether the key pressed was a data key, a function key, or 
a command key. The status byte also carries information about the accuracy of the 
data and whether the key is typamatic or not. The second byte contains the character 
generated by the key contacts. 

2. An interrupt request on interrupt level 1 is generated. If no higher-priority interrupt 
is being serviced, the processing unit honors the interrupt request. The interrupt sub- 
routine must perform a sense I/O instruction to transfer the two bytes stored in the 
adapter circuitry into storage. The routine must also restore the keyboard, reset the 
interrupt request, and enable the keyboard if further keyboard operations are desired. 
Pressing any key automatically disables the keyboard. 


All the keys on the keyboard except the backspace key and the tab key are prevented 
from storing characters in the adapter unit by the drop bail function of the start I/O 
instruction. This applies only when the key is held down after being first struck. The 
tab key and the backspace key are called typamatic keys and continue to store characters 
in the adapter circuits as long as they are held down. The tab and backspace keys operate 
on a two-level principle. Pressing these keys to the first level results in an operation that is 
the same as the non-typamatic keys. Pressing the keys to the second level (past the first 
level) results in a continuous generation of the unique code for that key. For typamatic 
operation to function completely, sense I/O and start I/O instructions must be issued repet- 
itively under certain time constraints to store the characters and restore the keyboard. 

The unique codes generated by each key on the keyboard are not the EBCDIC configura- 
tions for the same graphic characters in storage. The data placed in storage from the key- 
board must be translated to EBCDIC data before it can be processed. The unique character 
codes generated by the keyboard are shown in “Appendix B’’. 


Typamatic Key Programming 


Operating the typamatic keys requires special programming procedures because repetitive 
keyboard operations have to be programmed even though the key is struck only once. 
Pressing a typamatic key causes a special sense bit to be set and transferred to the process- 
ing unit along with the data. The procedure shown in the following flowchart is recom- 
mended for processing typamatic key data. 


Some other key 
was Operated. 


Function 
Key Data Status “ur Typamatic 


BKSP 00010110 00010010 
TAB 00000101 _ 00010010 


Press TAB or 
BKSP key. 


Generate interrupt 
request. 








higher priority 
interrupts 
serviced? 








SNS I/O to get 
status and data 
bytes. 


Enter keyboard 
service 
subroutine. 

















Status 
byte bits 3 and 
6 on? 





S!O control 
(bit 4 on to drop 
bail and lock 

keyboard) 


Must be given 
within 15 ms of 
SNS 1/0. 








TAB or BKSP function performed 


Begin approximately 
100 ms programmed 
time-out. 










SNS 1/0 to get 
status and data 
bytes. 










Status byte 
bits 3 and 6 
on? 



















TAB or BKSP key 
has been released. 
Typamatic is no 

longer in effect. 







Status 
byte bit O 
on and data 
field = 00. 





SIO control (Bit 3=1, 
reset bit 0; bit 5=1, 
pick bail, unlock key- 
board; bit 7=1, reset 
interrupt request) 


Bit 6=1, enable 
interrupts if 
desired. 









Exit to 
Mainline Program 
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KEYBOARD INSTRUCTIONS 


3-4 


Start 1/0 
Mnemonic: SIO 


Op Code Q Byte Control Code 


Le Ae 


Operation: This instruction causes the keyboard and attachment circuitry to perform the 
operations specified by the control code. 

The Q byte contains a device address of hexadecimal one in the high-order four bits. The 
low-order four bits of the Q byte are not used, but should be all zeros. 

The individual bits of the control code specify individual operations as follows: 


Bit Meaning 


0 Not used, may be any value. 
1 Not used, may be any value. 
Z 1—set interrupt request if enabled (diagnostic use). 
3 1—reset parity check. 
O—do not reset parity check. 
4 1—drop bail (lock keyboard). 
O—do not drop bail. 
5 1—pick up bail (unlock keyboard). 
O—do not pick up bail. 
6 1—enable interrupt request. 
O—disable interrupt request. 
7 1—turn off current interrupt request (the normal method for exiting interrupt 
level 1). 


O—do not turn off current interrupt request. 

The restore keyboard function necessary to prepare the keyboard for a succeeding key 
operation is accomplished by issuing a start I/O instruction with bits 4, 5, and 6 equal 1. 
All bit combinations of the control field are valid and all operations will be performed if 
the appropriate bits are on, except that bits 2 and 7 on is not guaranteed to result in inter- 
rupt request being set. 


Example: 
Instruction 


eee es 


The last key pressed is restored and the keyboard is prepared for the next keystroke. The keyboard 
interrupt request is reset, and interrupt level 1 is released. — 


Sense 1/O 


Mnemonic: SNS 


Op Code Q Byte Operand Address 


Operation: The two bytes stored in the keyboard attachment circuitry by a key operation 
are transferred to the two-byte field in storage specified by the operand address. The Q byte 
contains a device address of hexadecimal 1 in the high-order four bits. The low-order four 
bits are not used and can have any value. The low-order byte in storage is a status byte and 
is bit significant as follows: 


Bit Meaning 


0 Parity check. This bit is turned on if an even number of bits are detected in the 
second byte of the two byte field. 

] Data character identifier. This bit will be 1 when a data key (graphic key) is 
pressed. 

2 Command key identifier. This bit equals 1 when a command key is pressed. 

3 Function character identifier. This bit will be 1 if any of the following keys is 


pressed: tab, backspace, program start, minus, erase, return, inquiry request, 
plus, space. 


4 World Trade Corporation identifier. This bit will always equal 0 in systems in 
use in the USA. 

5 Keyboard ready. This bit is used by the customer engineer for diagnostic purposes 
to indicate that the keyboard is unlocked and interrupts are enabled. 

6 Typamatic. This bit will be on when either the tab key or backspace key is pressed. 


The second byte (high-order) contains the unique bit configuration for the particular key 
pressed. In keys for which the upper shift is valid (numeric and special character keys on 
the typewriter) the bit pattern in this byte will also depend on whether the shift key is 
pressed. 


~ 


Program Notes: 


1. Ifa sense I/O instruction is executed before a key is pressed, the sense aiuyie will con- 
tain the following: 

First Byte 1000 0000 
Second Byte 0000 0000 

2. Datacan be entered into the system at a rate of 900 key strokes per minute if the 
restore-keyboard start I/O instruction is issued within 15 milliseconds of the key- 
board interrupt request. 

3. Power-on reset and system reset (caused by pressing the system reset ke result in 
a locked keyboard with all indicators turned off and interrupts disabled. An initial- 
izing start I/O instruction unlocking the keyboard and enabling keyboard interrupts 
is required after one of these resets to allow the keyboard to operate. 


Example: 


Instruction 


p= [ele ]e| 


Two bytes of information from the keyboard are stored in storage locations OFCC and OFCD 
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Additional Program Notes: 


1. An interrupt request should never be reset arbitrarily during initialization of the sys- 
tem due to the possibility of the operator activating the inquiry request switch (not 
under keyboard lock control). 

2. The data and status bytes generated from all keyboard interrupts (including the 

‘inquiry request key) must be sensed in order to enable the keyboard for following 
interrupts. If the data is not sensed before the keyboard is restored, the SIO restore 
instruction will restore the keyboard and cause the KB ready light to come on. 
Although this light is on, the keys remain inoperative because data is still waiting to 
be sensed. 

3. Asense I/O instruction to obtain the keyboard data should always precede the start 
I/O restore instruction. This is required because the keyboard data is reset approxi- 
mately 20 ms after issuing the start I/O instruction. 


CONSOLE CONFIGURATION 


A console (Figure 3-2) contains the switches and indicators required by the operator for 
controlling the system. 


Switch Panel 


System Start Switch 


When this switch is moved to the start position, the processor turns off the halt code lights 
and/or the stop indicator and resumes normal operation. When this switch is moved to the 
stop position, the processor halts at the end of the operation in process. This halt is indicated 
by turning on the stop indicator on the console. Pending I/O data transfers are completed 

- Without loss of information. 


Inquiry Request Switch 


This switch, mounted on the console, operates as though it were a key on the keyboard. 
~ Moving this switch to the on position causes the data and status bytes to be stored in the 
keyboard adapter circuitry. The status byte has the function key bit on and the data byte 
contains a unique data character code for the inquiry request key. Operating this switch 
_also causes an interrupt request. Keyboard interrupt must be enabled for this switch to 
operate. 


Data Recorder Switch 


Moving this switch to the on-line position places the data recorder on-line and allows data 

. to be entered from the data recorder reading station or punched at the data recorder punch- 
ing station. Moving this switch to the off-line position places the data recorder in the off- 
line condition and allows it to function as a normal data recorder. 


SYSTEM] DISK DISK DISK PROGRAM] DATA = INQUIRY SYSTEM 
PROC DATA DISK DISK” RESET |DRIVE | DRIVE 2] SELECT | LOAD J} RCRDR REQUEST] START 
Ee Pc CHECK sioc Bsca LCD CRT RCROR PRINTR ORIVE1 DRIVE 2 
3] HALT CODE ON | ON = ON [REMOVABLE ON JON LINE 
a a . W @ g q q y Q 7 
PWR KEYBD STOP 
OFF OFF FIXED OFF LINE STOP 


SARA — eT ong 
PID OOOOHeoo 


Figure 3-2, System Console 
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Program Load Switch 


This switch initiates loading the program into main storage. The following actions occur 
when this switch is operated to the on position: 


1. The following LSR’s are reset: program IAR, DFDR, and program status register. 
No other LSR is reset. All other I/O and machine registers, controls, and status 
indicators are reset. 

2 The record in cylinder 0, sector 0, on one of the disks in disk drive 1 is read into 
storage starting at location 0000. The disk that provides the first record is selected 
by a switch on the console. 


When the program load switch is released, the processing unit executes the instructions 

read into storage by operating the program load key, starting at location 0000. If disk 

drive 1 is not ready, the I/O attention light lights when the program load switch is operated. 
It is unnecessary to operate the program load switch again; it is only necessary to make 

disk drive 1 ready to complete the program load function. 


Disk Select Switch 


This switch selects the disk from which the initial program load will be performed. When 
the switch is moved to the removable position, the removable disk is used for program 
loading. Similarly when the switch is in the fixed position, sector 0 of cylinder 0 of the 
fixed disk on disk drive 1 is used for program loading. 


Disk Drive 1 and Disk Drive 2 Switches 


These switches turn power on and off to the two disk drives. 


Power Switch 


This toggle switch controls the power to the system. When this switch is turned on, a partial 
system reset is performed in such a manner that no I/O operations are performed until 
explicitly directed. The system reset or program load switch must then be operated before 
any operation can take place. The integrity of data in storage is not guaranteed after this 
switch is operated. 


System Reset Switch 


Operating this switch causes all I/O and machine registers (not local storage registers) to be 
reset to 0. The instruction address register for the main program and the program status 
register are reset to 0. All other local storage registers are unaffected. A complete program — 
restart is normally required after a system reset. 


Indicator Panel 


Processor Check Light 
The processor check light turns on under any one of the following conditions: 


1. | When an invalid op code or parity error is detected in the CPU. 

2. When an invalid Q code is detected. 

3. When an I/O check occurs and the I/O check switch on the CE panel is in the stop 
position. 


This light is turned off by system reset or by pressing the check reset key on the CE panel. 
Any of the errors causes the processing unit to come to an.immediate stop. The clock is 
stopped, and input/output data may be lost. The specific error that causes the stop is dis- 
played on the CE console display section. 
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!/O Attention Indicators 


Any of these indicators on indicates that the corresponding I/O device has been issued a 
start I/O instruction when the I/O device is not ready to operate. A not-ready condition 
can be caused by power not being on or by some condition involving the paper or cards to 
be handled by the I/O device. The I/O attention indicators are: SIOC, BSCA, LCD, CRT, 
DATA RCRDR, PRINTR, DISK DRIVE 1, and DISK DRIVE 2. The specific conditions 
that cause each I/O indicator to turn on are discussed under the individual I/O devices. 


Halt Code Indicators 


These indicators are turned on by the individual bits in the halt identifier bytes of the halt 
program level instruction. 


Power On Indicator 


This indicator is turned on when system-power-on sequencing has been successfully com- 
pleted and stays on until system power is turned off. 


KEYBD Ready. 


This indicator is on when the keyboard has been enabled and unlocked. 


Stop Indicator 


This indicator is turned on when the system start switch is moved to the stop position. The 
indicator will come on immediately; however, any operation in progress will be completed 
with no loss of data. The indicator is turned off by moving the system start switch to the 
start position or by system reset. 


Field/Operation Indicators 


These indicators are turned on by a load I/O operation. The meaning of each indicator is 
determined by the program in use. A plastic overlay is provided for the field/operation 
indicators so that appropriate labels can be applied. Once turned on, the field/operation 
indicators remain on until another load I/O operation specifying turn off the field/operation 
indicators is executed, or until a system reset is performed. . 


Command Key Indicators 


These lights are controlled by the load I/O instruction. Separate load I/O instructions are 
used for turning on or turning off the command indicators. Once turned on, command 
indicators remain on until a load I/O instruction turns them off or until a system reset. 


Lamp Test Button 


Pressing this button causes all the indicator bulbs on the keyboard-console to light. This 
button is located behind the indicator panel. It is accessed by pulling forward on the plas- 
tic tab located on the upper-left portion of the keyboard-console. The indicator panel 
will fold down and expose the lamp test button. 


INSTRUCTIONS 


Load 1/O 
Mnemonic: LIO 


Op Code QByte Operand Address 


1 I 
Ce Dey 


Operation: The two-byte field located at the operand address is transferred to the 
keyboard-console adapter circuitry. The operand is addressed by its rightmost byte. The 
contents of the rightmost byte of the operand are used to turn on field/operation indicators 
or to turn command indicators on or off. The Q byte comprises a device address (always 
hexadecimal 1) in the high-order four bits, an M bit that can be either 0 or 1, and an N 
code. The N code is bit significant in the two low-order bits. The high-order bit of the N 
code (bit 5 of the Q byte) can be either 0 or 1. 

When bit 6 of the Q byte equals 0, the load I/O instruction will either turn on or turn off 
the command indicators. Bit 7 of the Q byte determines which operation will be performed. 
When bit 7 of the Q byte equals 0, the command indicator specified by the rightmost byte 
of the operand will be turned off. When bit 7 of the Q byte equals 1, the command indica- 
tor specified by the rightmost byte of the operand will be turned on. 

When bit 6 of the Q byte equals 1, the field indicator(s) specified by bits present in the 
rightmost byte of the operand will be turned on. Any field indicator not specified by the 
rightmost byte of the operand is turned off. When the field indicators are specified by bit 
6 of the Q byte equal to 1, bit 7 of the Q byte can be either 0 or 1. 


Command Light Control: The command light to be turned off or on is specified by the 
binary value of the bits in the rightmost byte of the operand. The light whose decimal label 
corresponds to the decimal value of the binary number in that rightmost byte of the oper- 
and is either turned on or turned off depending on the N code. If only the 8 basic command 
lights corresponding to the 8 basic command keys are installed, binary values more than 8 
in the operand byte will be ignored. 


Field/Operation Indicator Control: The rightmost byte of the operand is bit significant as 
follows: 


Bit Field/Operation Indicator Controlled 


NADNnAHR WN CO 
ONINMNBRWDN 


If a bit for a field indicator equals 1, the light is turned on. If a bit for the indicator equals 
0, the light is turned off. 
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Example: 


Instruction 
i 
Operand 


00000000 | 10010000 


03CO0 03C1 


_ FIELD/OPERATION 





PEI IS 


Altering Storage 


Main storage can be altered in consecutive bytes without manually re-addressing storage by 
the following process: 


1. 


Sle 


10. 


H2s 
LS. 
14. 
T5. 


Operate the system start switch to the stop position. 
Set the storage test switch to STEP. 
Turn the CE mode switch to ALTER SAR. 


_ Set the data/address compare switches to the storage address where storage alteration 


is to begin. 

Press the start key once. 

Turn the CE mode switch to ALTER STOR. 

Set the address increment switch to the on position. 

Enter the data by pressing the keys corresponding to the hexadecimal value desired 
for each four bits (0-9 and A-F keys). Data will enter storage in the order in which 
the keys are pressed (the first key pressed will control the high-order four bits of the 
byte; the second key pressed will control the low-order four bits of the byte). As each 
second key is pressed, the hexadecimal value from that key and the preceding key is 
entered into storage as one byte. As each byte enters storage the storage address regis- 
ter is updated plus 1. (In this mode, any key position depressed other than 0 through 
9 and A through F causes the keyboard to lock. A system reset is then required to un- 
lock the keyboard. Therefore, when such a typing error is made, the contents of SAR 
should be noted prior to system reset, and then SAR reloaded and the byte in error 
retyped.) 

Turn the CE mode switch to PROCESS. 

Press the system reset switch, which resets the bail and locks the keyboard. 

When all the desired data has been entered into storage, turn the CE mode switch to 
ALTER SAR. | . 

Set the desired instruction address in the data/address compare switches. 

Press the start key once. 

Turn the CE mode switch to PROCESS. 

Press the start key (the system begins processing). 


Chapter 4. IBM 5213 and 2222 Serial Printers 


The serial printer (Figure 4-1) produces printed data (readable from the console operator’s 
position) for the System/3 Model 6. Five printers are available: 


l. 


The IBM 5213 Printer Model 1 can print 132 characters per line at 85 characters 
per second. Forms are moved by a pin-feed platen with single or double spacing 
selected by the operator. 

The IBM 5213 Printer Model 2 can print’ 132 characters per line at 85 characters 
per second. Forms movement is controlled by a pin-feed tractor with vertical 

forms control. 

The IBM 5213 Printer Model 3 can print 132 characters per line at 85 characters 
per second with the printing element moving either from left to right or from right 
to left (bi-directional printing) under program control. Forms movement is controlled 
by a pin-feed tractor with vertical forms control. The 5213 Model 3 can also accom- 
modate the enhanced print rate feature that increases the per-character print rate 
from 85 to a nominal 115 characters per second. High-speed printing occurs only 
for fields longer than five characters. 

The IBM 2222 Printer Model 1 can print 220 characters per line at 85 characters 
per second. Forms are handled by dual pin-feed tractors with vertical forms con- 
trol on the primary tractor only. The 2222 Printer also contains a ledger card 

device which allows feeding, printing on, and identifying ledger cards. 
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Figure 4-1. IBM 5213 Printer 
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LEDGER CARD DEVICE 


5. The IBM 2222 Printer Model 2 can print 220 characters per line at 85 characters 
per second with the printing element moving either left to right or right to left 
(bi-directional printing) under program control. Forms are handled by dual pin-feed 
tractors with vertical forms control on the primary tractor only. 


Vertical forms control (on the 2222 and the 5213 Models 2 and 3) allows skipping 
from 2 to 256 lines. The 5213 Model 1 (without vertical forms control) can line space 
one or two lines by setting the manual control on the printer to the proper position. 
Forms motion for all printers is at 6 lines per inch. For a discussion of form designs 
available, refer to Form-Design Considerations—System Printers, Order Number 
GA24-3488 


Printing Principle 


Printing is done by a print head capable of making seven dots in a vertical arrangement. 
The print head is moved across the paper from left to right or from right to left at a con- 
stant velocity. As the print head moves through one character space, the head can produce 
dots in any of seven horizontal positions. A restriction is applied, however, that none 

of the vertical dot positions can produce a dot in two consecutive horizontal dot positions. 
Therefore, the maximum number of horizontal dots that can be produced by any dot 
position on the print head is four (in each character). 


The ledger card device on the 2222 Printer allows the feeding, checking, and printing of 
data on ledger cards. The ledger card device is designed to interfere as little as possible 
with paper handling and readability of data printed-on forms. Printing, feeding, and forms 
motion of the ledger card are under program control. 

For identification purposes and checking that the proper document is being printed on, 
space is provided for printing coded numeric identification in the upper right edge of . 
the card and for reading such coded notation. 

The ledger card device also has a function that allows feeding the cards and locating 
the first available print line. Provision is also made for automatically signaling to the pro- 
gram when no print lines are available. 

The right edge of the ledger card is always positioned at the farthest right printing posi- 
tions of the 22 inch printer. The last six print positions of the ledger card (positions 
215 through 220) are reserved for the line finder marks and two identification number 
(ID) code marks. These marks are printed in positions 216, 218, and 220. Except for the 
line finder mark code, no data should be printed beyond position 214. 

The line finder marks are used for locating the next available print line. A line finder 
mark must be printed for each line printed to prevent over-printing when line posting 


of the same ledger card occurs again. 


Ledger Card 


Figure 4-2 shows the acceptable dimensions and printed area layout for the ledger card. 
The numbers on the ID coding correspond to the binary value of that bit when read into 
storage. The ID code and line finder marks are formed by over-printing the special LCD 
character to ensure proper read sensing. This printing and over-printing of ID code and 
line finder marks must be performed by the program; it is not performed automatically. 
The over-printing is accomplished by printing positions 215 to 220 first. The element 
must then be moved five positions to the left and positions 215 to 220 must be printed 
again. If bi-directional printing is installed, the over-printing can be accomplished on a 
print left operation. 

The ID coding and line finder marks are sensed optically. This makes the contrast be- 
tween the line finder mark and the ledger card background very important. IBM recom- 
mends that ledger cards be white, pink, buff, or yellow because these colors provide 
better reflectivity and contrast and, therefore, contribute to longer ribbon life. Blue 
ledger cards are not acceptable. 


14 Inches Maximum Width 


6 Inches 
Leading Edge of Card | ¥ Minimum Width 






































1 Inch Margin 
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LCD character) 


First Code Track 
(Print Position 220) 
Second Code Track 
(Print Position 218) 
Line Finder Track 
(Print Position 216) 






0.833 Inch Margin 







Printing Face Up 


ie ee 






0.833 Inch Margin 





Identification Number Coding: 


| fala First Print Line : 
Beak Second Print Line 


First Code Track 
Second Code Track 
Line Finder Track 


Figure 4-2, Ledger Card Format 
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BI-DIRECTIONAL PRINTING CAPABILITY 


PRINTER FUNCTIONS 


PRINTER RESTRICTIONS 


PRINTER OPERATIONS 
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The bi-directional printing capability is a standard feature on the 5213 Model 3 and on 
the 2222 Model 2 printers. This feature allows printing with the print head moving either 
left to right or right to left under program control. By eliminating the requirement that 
the printing element be returned to the left margin before beginning each line of printing, 
this feature makes possible a higher lines-per-minute print rate. The lines-per-minute 
throughput depends upon the number of characters printed in each line regardless of 
whether printing is being performed in the uni-directional or bi-directional mode. 
Printing more characters results in a lower lines-per-minute throughput; printing fewer 
characters results in a higher throughput. 


The serial printer (printing without the bi-directional printing feature) prints with the 
print head moving from left to right. The characters that can be printed and the bit 
patterns in storage that cause each character to be printed are shown in “‘Appendix B.”’ 
In addition to printing data the following functions can be performed: 

Tab right 

Tab left 

Element return 

Primary carriage index 

Primary carriage skip (vertical forms control tractor only) 

Secondary carriage single index (dual feed carriage) 


Oe ee 


Two restrictions must be observed in serial printer operations: 


1. Do not perform printing or element return operations when the fold in the forms 
is within 0.50 in. (12.7 mm) of the print line. 

2. Do not overlap the forms in the primary and secondary forms tractors on the 2222 
Printer. . 


Printer operations are performed by executing a series of printer commands. These com- 
mands are stored in main storage and are addressed by the print command address register 
(PCAR). Execution of the commands is begun by a start I/O instruction. The commands 
can be either executed individually by issuing a separate start I/O instruction for each com- 
mand to be executed, or can be chained to each other so that once execution has begun, 
the commands are executed one after the other until the end of the chain is reached. 


Printer Commands 


Printer commands are contained as individual bits within a command byte. The commands 
can be chained in any order. Some commands must be accompanied by a count byte 
one position directly to the right of the command byte. The commands available are: 


Print 

Tab right 

Tab left 

Primary vertical skip 
Primary vertical index 
Secondary vertical index 
Element return 


ae? 


A printer command is issued by setting the appropriate bit in the command byte to 1. 
A command byte containing a command that requires a count byte must be followed 
immediately by that count byte. Acommand byte containing a command or commands 
that do not require count bytes is followed immediately by the next command byte if 
the commands are to be chained. The print, tab right, tab left, and primary vertical skip 
commands require a count byte. The primary vertical index, secondary vertical index, 
and element return commands do not require a count byte. Commands may be either 
chained or overlapped. Overlapped commands contain two or more commands within 
the same command byte. An example would be element return and primary vertical 
index within the same command, or tab right or left and primary vertical index within 
the same command. An overlapped command causes both operations to be performed 
at the same time. 

Certain restrictions must be observed in overlapping commands: 


Print commands cannot be overlapped with any other command. 

No two count commands can be issued in the same command byte. 

Tab commands and element return commands are mutually exclusive. 

Primary vertical index command and primary vertical skip command are mutually 
exclusive. Any other combination of count and non-count commands is acceptable. 
5. Primary and secondary carriage operations should not be overlapped. 


Awe 


Commands are chained by setting bit 0 of a command byte to 1. For each command 
byte with bit 0 equal to 1, the command or commands in that byte are executed; ‘then 
the next command byte is retrieved from storage and the commands contained in that 
byte are executed. If one of the commands in the command byte is a command requiring 
a count byte, the second byte to the right of the command is chained to the command byte. 
If the command byte contains no count commands, the first byte to the right of the com- 
mand byte is taken as the next command byte. The command byte bit significance is 
as follows: 


Bit Meaning 

0 Command chain 

1 Print data—command byte containing this bit equal to 1 must be followed by 
acount byte. 

Zz Horizontal tab right—command byte containing this bit equal to 1 must be 
followed by a count byte. 

3 Horizontal tab left—command byte containing this bit equal to 1 must be 
followed by a count byte. 

4 Primary carriage vertical forms skip—command byte containing this bit equal 


to 1 must be followed by a count byte. 


5 Element return 
6 Secondary carriage vertical forms index 
7 Single primary carriage vertical index 


Should an error occur while a chain of commands is being executed, execution of the 
command chain ends immediately, leaving the remaining commands unexecuted. 
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-Performing Printer Operations 


To perform printer operations certain initial operations must be performed. The printer 
command address register (PCAR) must be initialized to the leftmost byte of the command 
chain that is to be executed. The printer data address register (PDAR) must be initialized 
with the address of the leftmost byte of the print data area of storage. The print data 
area can be any length. If the printer commands are not chained, the printer command 
address register contains the address of the printer command to be executed. 

When the printer command address register and printer data address register have been 
loaded, the program must execute a start I/O instruction. This instruction causes the printer 
command byte to be retrieved from storage, using the printer command address register, 
and the printer commands to be executed. A command byte containing the print com- 
mand must be followed by a count byte. This count byte must contain, in a binary num- 
ber, the number of positions to be printed minus 1. If the count byte equals 00, one 
character, addressed by the printer data address register, will be printed. 

If the command byte specifies a tab right or tab left operation, it must be followed by 
acount byte. This count byte must contain, in binary numbering, the number of spaces 
to be moved minus 1. If the count byte equals 00, the print head will move one character 
space. 

If the command byte specifies a primary vertical form skip operation, it must be fol- 
lowed by a count byte. This count byte must contain the number of vertical spaces to be 
skipped minus 1. If the count byte equals 00, a cycle check will occur and no forms 
movement will occur. 

After a successful operation any of the count bytes equals FF. 

For serial printer operations the printer prints only when the print head is moving 
from left to right. The printer will print only the number of characters specified by the 
count byte following the print command. Therefore, the print head must be moved to 
the correct horizontal position where the printing begins. This can be accomplished by 
horizontal tab right and horizontal tab left commands. The element return command is 
available for returning the print element to the left margin. 


Printing Location Control 


Six commands are available for controlling the location of printing on forms. Three of the 
commands are used for horizontal positioning of the print head before the printing begins. 
The other three commands are used for vertical positioning of the forms. 

The element return command returns the printing element to the left margin. When the 
element is at the left margin a status bit is set in the status bytes to indicate this. This allows 
printing to start at the left margin. 

Note that due to mechanical limitations, the print element must be initialized, preferably 
at the start of each job. A suggested method follows. A consecutive field in storage should 
be set up to contain: : 


Byte | Hexadecimal Content Description 


1 84 Chained element return 
2 20 Tab right (not chained) 
3 03 Tab count 4 

4 04 Element return 


Two start I/O instructions should then be issued consecutively to the printer attachment. 
The second start I/O is looped while the first is being executed, and is executed regardless 
of any previously encountered error. This procedure positions the element at true left mar- 
gin. A test I/O and branch instruction can then be executed to test for element-at-left-mar- 
gin. Refer to “Test I/O and Branch,” in this printer section, for the N code for testing 
element-at-left-margin. . 


The tab right and the tab left commands allow moving the element the desired number of 
spaces either left or right. The number of spaces to be moved is specified by the count byte 
that follows the tab command byte. The movement of the printing element to the right can 
also be accomplished by printing blank characters in each of the print positions to be passed 
over. Printing blank characters is sometimes faster than tabbing. This occurs when the dis- 
tance is less than 12 spaces. 

Except for the element return command, which moves the element to the left margin, the 
printer attachment does not provide a counter to indicate print element location. The pro- 
gram must maintain a count of printing positions moved so that printing element position 
can be determined. . 

The three vertical forms position commands (vertical forms skip and primary and second- 
ary carriage vertical forms index) position paper vertically for printing the correct line. 

The printer attachment does not provide a counter for vertical forms location. The program 
must provide a count to indicate the vertical forms location. 


Bi-Directional Printing 


The primary use for the bi-directional printing feature is line printing, in which mode all 
lines are the same length and a complete line is printed from a single print command. For 
line printing operations in bi-directional mode the count byte for the print command must 
always contain the same number if all print lines are to be aligned at the left margin. The 
first character of each line is printed at the left margin. The first characters or last charac- 
ters in each line can be blanks. Even though the printer functions with the printing element 
moving either from left to right or right to left, the print data address register always is 
initialized to the leftmost byte of the printing field. . 

Bi-directional printing operations do not require (but do not exclude) the use of the 
horizontal positioning commands other than perhaps an initial element return command. 
However, a special function has been included so that programs written for bi-directional 
printer functions can be compatible with systems that do not have the bi-directional 
printing capability. With the bi-directional printing feature installed, the element return 
command does not function if the start I/O instruction specifies bi-directional printing. 

If the bi-directional printing feature is not installed or the start I/O instruction does not 
specify bi-directional mode, the element return command is executed. 

Bi-directional printing capability does not exclude serial printing capability on the same 
printer. Therefore, to initialize for bi-directional printing, an element return command 
can be issued to the printer in serial printing mode, and then printing can begin in bi- 
directional printing mode. 

Vertical forms control in bi-directional printing mode has the same requirements and 
uses the same commands as vertical forms control in serial printing mode. The first print 
command should be issued with the printing element at the left margin. Printing commands 
issued with the printing element not at the left margin result in right to left printing mo- 
tion. If the count byte specifies more characters than character spaces are available between 
the printing element position and the left margin, a margin check will occur when the 
printing element reaches the left margin. 
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Typical Programming Sequences 


Serial printing in uni-directional mode and line printing in bi-directional mode require 
somewhat different programming approaches. A common application of serial printing 
might require printing of data entered from the console-keyboard, processing some of 
the data, printing the results of the processing on the same line, then returning to the 
left margin to print the data entered at the next keyboard entry. Such a programming 
sequence is illustrated in Figure 4-3. 


The printer data address register need be loaded only for the first character of the 
entry (in this portion of the routine) because the register will be updated to the next 
higher address by each print operation. 

This load operation is required for each character because the printer command ad- 
dress register is left with the address of the next higher order address following the 
print command and count byte addresses for the start I/O instruction that prints 

the character. 

This decision indicates that the last character for this particular transaction has been 
entered. This indication is usually made by pressing the program start key or return 
key. 


This block represents many steps, such as price-quantity extensions in invoices, in- 


ventory update, or back-order determination. 

After the data has been processed, the results are stored in main storage. The address 
of the high-order byte of this data is loaded into the printer data address register 

to make it available to the printer. 

The command chain performed by the start I/O is addressed by this address. The 
commands cause the previously processed data to be printed on the same line as the 


' characters entered from the keyboard, in whatever print positions are desired. After 


printing is complete, the printing element is returned to the left margin and the paper 
is moved up to provide a new printing line. 
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Figure 4-3, Serial Printing Routine 
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Line printing using the bi-directional printing feature is a somewhat simpler process than 
serial printing. All the data is assembled and processed, then printed in a single print in- 
struction as illustrated in Figure 4-4. . 


a | This could be any typical data processing job. The results of the processing are as- 
sembled in an area of storage in such a manner that each print instruction can cause 
the same number of characters to print. 

FA This operation is repeated for each line of print, unlike the serial printing function 
in which the address left in this register at the end of the single character print opera- 
tion is used as the address of the next character. 

Ei The command chain addressed by loading the printer command address register in 
this operation contains an element return command to provide for compatibility 
with printers that do not have the bi-directional printing feature. 

g This start I/O instruction can be issued in either the uni-directional mode or the bi- 
directional mode. If the instruction is issued in the uni-directional mode or the print- 
er does not have the bi-directional feature, the element return command will be ef- 
fective and the printing element will return to the left margin after each line is printed. 
If the instruction is issued in the bi-directional mode to a bi-directional printer, the 
element return command will be ignored. If the element is at the left margin when 
the print command is encountered, printing will occur from left to right. If the 
element is not at the left margin, printing will occur from right to left. 

Note that printer data address register is loaded with the address of the high-order 
byte of the print data regardless of the direction of element travel. 


Forms Recognition 


The program is responsible for maintaining the printing within any boundaries established 
by the forms on which printing is being done. To this end, a counter must be established 
to count the number of line spaces that is used on the form. This counter can then be 
checked by compare instructions and branch on condition instructions can be used to 
cause any special operations required by an approach to the end of the form. 

The 5213 printer carriage has a contact that recognizes an out-of-forms (called end-of- 
forms) condition. This contact produces a signal when the end of the last form in the stack 
has passed the contact. When this condition is recognized, the attachment responds ‘‘end- 
of-forms” to a test I/O instruction, and a status bit is provided by a sense I/O instruction. 

Although the attachment responds end-of-forms to the test I/O, it accepts and performs 
print comniands. The program is expected to finish printing on the last form and skip to 
eject the form. At this time the program should issue a load I/O instruction to turn on 
the printer I/O attention indicator and go to a programmed halt. 

The 2222 Printer has dual forms:control. It operates not only with the primary carriage 
but with a secondary carriage. The secondary carriage has its own end-of-forms contact. 

A special load I/O instruction causes the secondary carriage end-of-forms contact to func- 
tion in the same manner as the primary carriage end-of-forms contact. The primary carriage 
must always contain paper to enable the printer to operate, even though only the secondary 
carriage may be in use at the time. 
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Figure 4-4, Line Printing Routine 
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Figure 4-5 illustrates a recommended programming sequence for forms control. 


HHH Hao A G&G 


The program is responsible for ensuring that data is printed within the boundaries 
of the particular form. This counter is initialized with the number of line spaces 
between the top edge of the form and the bottom edge of the form. 

Setting this latch causes the end-of-forms response to the test I/O instruction to 
occur when the secondary carriage end-of-forms contact closes as well as when 
the primary end-of-forms contact closes. 


‘This operation enables the program to determine what forms control operations 


are required next by checking the remaining line count. 

Skipping to a new form requires that the line space counter be set to a count that 
corresponds to the first line to be printed on the form. 

Setting the end-of-forms latch when the end-of-forms contact is closed causes the 
printer to become not ready and turns on the printer I/O attention light on the 
keyboard console. 


_ This halt instruction tells the operator to add paper to the printer. 


The end-of-forms latch must be reset to enable the printer to accept start I/O in- 


structions. 


The end-of-forms contact closes to indicate the end-of-forms condition when about 
three inches of forms are left between the print line and the edge of the paper. 


Printer {/O Attention Light 


The printer I/O attention light on the keyboard console lights when: 


l. 


@ 


The printer cover is not properly closed. 

The N/6 lever is in the neutral (N) position (5213 models 2 and 3, and 2222 models 
1 and 2 only). 

The end-of-forms latch is set and the end-of- foc contact is closed. When paper is 
inserted, the end-of-forms contact opens and the light goes out, but the printer will 
remain not ready until the end-of-forms latch is reset. 


Ledger Card Device Operations © 


The commands for operating the ledger card device are somewhat different from the printer 
commands in that the command fields are fixed. The operations that can be performed 


are: 


ANRWNS 


Feed, read ID, and locate next print line’ 
Feed, read ID, and eject 

Eject 

Index 

Read mark and eject 

Read all line finder marks 


The ledger card device commands contain count bytes which are decremented to hexa- 
decimal FF during the execution of the commands. To restore these count bytes to their 
correct values, the ledger card device command field in storage must be reloaded with the 
required command UEte before each start I/O instruction is issued to the ledger card 
device. 
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Figure 4-5. Forms Control Sequence 
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Feed, Read ID, and Locate Next Print Line 


Command Field Format: 


ps | oe | mw | o | om | ow | ow | 3 | 
Byte 
1 2 3 4 5 6 7 8 


Number 


This command causes the ledger card device to: 


1. Feed a ledger card into the ledger card device. 

2. Read the ID number into main storage beginning at the location specified by the 
address stored in the print data address register. 

3. Move the ledger card until the next available print line is positioned for printing. 


The print command address register contains the storage address of byte 1 of the command 
field. The locate line address register must contain the storage address of a two-byte field 
in which the first and second bytes must contain the hexadecimal values 11 and OE re- 
spectively. The program does not have to wait until a command has been completely 
executed to examine the ID number even though the ledger card device is busy. Not read 
ID busy indicates that the ID number has already been read into storage. 

If this command is given and the ledger card does not contain an ID number, the ID 
field in storage will be filled with blanks (hexadecimal 40), and the card will stop with 
the first print line positioned at the platen. 

The read ID portion of the command causes the coded ID number to be optically 
sensed from the ledger card and assembled in storage. The ledger card device will always 
read 10 digits (20 coded lines) into storage. Two lines are required to assemble each digit. 
The data is assembled in storage in zoned decimal format. The numbered coding shown in 
Figure 16 in the bottom half of the figure indicates the bit position in the low-order 4 
bits that each of the marks will turn on. For example, if the 8 block and the | block for 
any group of lines (for example print line 1 and print line 2) contain marks, bits 4 and 7 
of the byte in storage will be set to 1. Two exceptions to this rule exist: 


1. If the code position for a character contains marks in the 8-bit and 2-bit positions 
and not in the 4 and 1 positions the corresponding storage position will contain 
FO. : 

2. ‘If none of the code positions contain print marks, the position in storage will con- 
tain hexadecimal 40. 


Feed, Read ID, Eject 
Command Field Format: 


po foo | om | oo | om | mw | | | 
Byte 
1 2 3 4 5 6 7 8 


Number 


This command causes the ledger card device to: 


1. Feed the ledger card into the ledger card device. 

2. Read the ID number into the locations specified in storage by the print data 
address register. 

3. Eject the ledger card from the ledger card device. 


The storage address of byte 1 of the command field is contained in the print command 
address register. 

The program does not have to wait until the command has been completely executed 
to examine the ID number. Even though the ledger card device is busy, not-read-ID-busy 
indicates that the ID number has already been read into storage. 

If this command is given and the ledger card has not yet been initialized, the ID field 
in storage will be filled with hexadecimal 40. 

The data read into storage is in the same format as for the feed, read ID, and locate 
next print line command. 


Eject 


+ 


This command consists of a single byte containing hexadecimal 00. The eject command 
causes the ledger card to be ejected from the print station and out of the ledger card 
device. The storage address of the eject command byte is contained in the print command 
address register. This command should be issued to eject the ledger card after a unit 
check or when no check of the last printed line finder mark is desired. 


Index 


This command consists of a single byte containing hexadecimal 01. The index command 
moves the ledger card to the next sequential print line. The storage address of the command 
byte is contained in the print command address register. The card will eject automatically 
if an index command is issued after the last printable line has been detected. 


Read Mark and Eject 


This commagd consists of two bytes. The first contains 02 and the second contains 08. 
The command causes the following actions: 


1. The card is ejected from the ledger card device. 
2. As the card leaves the print station the ledger card device reads the last line finder 
mark written on the card. 


The address of the first byte of the command is contained in the print command address 
register. 

This command should be issued to eject the ledger card after a normal posting opera- 
tion. This command checks the quality of the last printed line finder mark. An inadequate 
line finder mark causes a read mark check. 


Read All Line Finder Marks- 


Command Field Format: 
0 
Number 1 2 3 4 5 6 7 8 


This command is provided for diagnostic use to enable checking that all line finder 
marks have been printed and to allow determining what line is in error if any line finder 
mark has not been printed. This causes the ledger card device to: 


1. Feed the ledger card into the device. 

2. Read the contents of print position 216 (line finder mark column) from both 
read stations into storage locations specified by the print data address register. 

3. Eject the card from the device. 
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PRINTER INSTRUCTIONS 


. The address of byte 1 of the command field is contained in the print command address 


register. 
This command always enters 43 bytes of data into storage (provided that byte 8 of 
the command is exactly equal to hexadecimal 55) beginning at the location whose 


. address is stored in the print data address register. The data read is stored in the low-order 


four bits (4 to 7) of the bytes in which the data is stored. The four high-order bits of 
the data bytes will be all ones. 

One byte of data will be stored for each two line spaces that the ledger card advances. 
Bits 4 and 6 of the byte are controlled by the first read station (the read station before 
the printing position). Bits 5 and 7 of the byte are controlled by the second read station. 
Bit 4 of the byte is turned on by reading a line finder mark on an odd numbered line 
at the first read station. Bit six is turned on by reading a line finder mark-on an even 
numbered line at the first read’ station. Bit 5 is turned on by reading a line finder mark 
on an odd numbered line at the second read station. Bit 7 is turned on by reading a line 
finder mark on an even numbered line at the second read station. 

Because of the mechanical configuration of the machine, certain bits in the 43 bytes 
are meaningless. The maximum number of lines that can be printed on a maximum 
length card is 55. There are 29 line spaces between the first and second read stations. This 
provides a maximum of 85 possible print lines that could be read into the 43 bytes; 
therefore, bits 6 and 7 of byte 43 are meaningless. In addition, bits 5 and 7 of the first 
14 bytes and bit 5 of byte 15-are meaningless because no lines are readable at the second 
read station for these bytes. Bits 4 and 6 become meaningless after all print lines possible 
on the ledger card have passed the first read station. 


Start 1/O 
Mnemonic: SIO 


Op Code QByte Control Code 


| re [emay 


Operation: This instruction causes the printer or ledger card device (LCD) attachment to 


-begin cycle stealing to obtain commands located in main storage. The commands are 


addressed by the print command address register. The print command address register 


~ contains the address of the high-order byte of any chain of commands that is to be 


executed. 

The Q byte contains a device address (always E for the printer or LCD) in the high-order 
4 bits, an M bit, and an N code of all zeros. The M bit specifies whether the series of com- 
mands that are to be executed will affect the printer or the ledger card device. If the M 
bit equals 0 the printer is addressed by the instruction; if the M bit equals 1, the ledger 
card device is addressed. 

The control code byte contains all zeros with two exceptions. For the printer, bit 7 is the 
printing mode control. When bit 7. of the control code equals 0, the printer operates in serial 
printing mode. When bit 7 of the control code equals 1, the printer operates in bi-directional 
printing mode (if the bi-directional printing feature is installed). For the LCD, bit 7 must be 
on only when a start I/O for a read-all-line-finder-marks command is issued. 

The commands that are executed by the start I/O instruction are the commands listed in 
“Printer Commands” and “‘Ledger Card Device Operations.” 


Printer Functions: If the start I/O instruction is executed for the printer (M bit equals 0), 
the commands are executed beginning with the command addressed by the print command 
address register. If bit 0 of the command byte is 1, the following command is executed with- 
out requiring a new start I/O instruction. Printer commands will be executed from a single 
start I/O instruction as long as the command bytes have bit 0 equal ‘to 1. When a command 
is executed with bit 0 of the command byte equal to 0, thers execution of the printer com- 
mand ends at the end of that command execution. ? 

For the ledger card device start I/O instruction (M bit equal fi to 1), a separate start I/O 
instruction must be executed for each command that is to be executed. 

If a start I/O instruction is executed with the M bit equal to 1 and the ledger card device 
feature is not installed, a processor check stop occurs with the invalid- Q-byte indicator lit 
on the CE rotary switch display. 


Example: 


Instruction 
| ors | co 


Commands 


Leer peel 


The printer prints a 96-character line, indexes 1 line space, and stops with the print head at either the 
left margin, or 96 characters away. from the left margin, if the bi-directional printing feature is 
installed. !f the bi-directional printing feature is not installed, the element return command in the third 
command byte causes the print head to return to the left margin. 


Test 1/O and Branch 
. Mnemonic: TIO 


-Op Code QByte Branch-To Address 


Operation: The conditions specified in the Q byte are tested. If the condition or conditions 
exist, the next instruction is taken from the branch-to address and the address of the next. 
sequential instruction is placed in the address recall register. If the condition or conditions 
do not exist, the next sequential instruction is taken and the branch-to address is placed in 
the address recall register. The address recall register will not then be changed until the next 
decimal, insert-and-test-characters, or branch instruction is executed. The Q byte comprises 
a device address (always E for the printer) in the high-order 4 bits, an M bit, and an N code. 
The M bit specifies whether conditions for the printer or for the ledger card device are to be 
tested. The N code specifies the conditions that are to be tested. Different conditions are 
tested for the printer and for the ledger card-device. An M bit equal to O specifies testing 
the Panter an M bit ee to 1 specifies testing the ledger card device. 
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When the M bit equals 0 the N code specifies testing as follows: 


Bits Printer Conditions 

567 

000 Unit check 

001 End-of-forms (see “Forms Recognition’”’) 
010 Busy 

100 Element-at-left-margin 


Combinations of the above conditions may be tested. It is suggested, however, that only 
one condition at a time be tested. In combined testing, any one of the tested conditions 


__ causes the branch to occur. 


The printer attachment becomes busy to the program after acceptance of any start I/O 
instruction. During this busy period, only sense I/O and test I/O instructions and the con- 
trol load I/O instruction, which does not involve LSR’s, are accepted. Busy drops after suc- 
cessful completion of an entire field of chained commands or on immediate detection of a 
machine error. This means that chaining is not completed if an error is detected. 

Testing for element-at-left-margin indicates, when the branch is taken, that the print ele- 
ment is at the leftmost printing position. Normally, the print element should be programmed 
to the left margin at the start of a job. Refer to “Printing Location Control’ for details. 

When the M bit is equal to 1, the N code specifies testing as follows: 


Bits — LCD Conditions 

567 

000 Unit check 

001 Last printable line 
010 Ledger card device busy 
011 LSR busy 

100 Read ID busy 

110 Card not aligned 


Unit check for printer (M code equal to 0) consists of: 


1. | Cycle check (horizontal or vertical) 

2. Data check or read only storage check 
3. Margin check 

4. Sync check 

5. Invalid command check 

6. Cover open 

Te 


N/6 lever in neutral position 


For further explanation refer to “Printer Error Recovery Procedures.” 
Unit check for the ledger card device consists of: 


Line finder mark check 
Invalid command check 


1. Sense amp check 
2. Card skew check 
3. Drive check 

4. Read mark check 
5. 

6. 


-Last-printable-line indicates that while performing either an index or feed, read ID, 
and locate next print line command, the last available print line on the ledger card has 
been located at the posting line. If a full ledger card is fed into the ledger card device by 
means of a feed read ID and locate command, the card is automatically ejected. 

Ledger-card-device-busy occurs when the ledger card device is executing a start I/O 
instruction or during a manual eject. The ledger card device will become not busy when the 
instruction is completed, whether the instruction is ended normally or by a unit check 
condition. 


LSR-busy is a signal which is activated by either the printer or the ledger card device. 
LSR-busy is activated by the following conditions: 


1. A printer chained command is in process. 

2 A printer count command is in process. 

3. A ledger card device feed, read ID, and locate next print line is in process. 

4 A ledger card device feed, read ID, and eject command is in process, and the ID 
number has not yet been read into storage. 

5. A read all line finder marks command is in process, and all the line finder marks 
have not yet been read into storage. 

6. A ledger card device read mark and eject command is in process, and the line finder 
mark has not yet been read. 

7. A ledger card device index command is in process. 


The ledger card device and the printer share both the print data address register and the 
print command address register. Care must be taken when overlapping printer and ledger 
card device commands. It is permissible to overlap printer and ledger card device commands 
only when LSR-busy is not active. 

Read-ID-busy will be activated on the feed, read, and locate next print line, and feed, 
read, and eject commands. Read-ID-busy is activated until the ID number has been read 
into storage. When read-ID-busy is inactive, the program can examine the ID number on 
the ledger card while the ledger card is still being fed to the print line. Read-ID-busy is 
also activated while the read all line finder marks command is being executed until the 
43 byte transfer has been completed. 

Card-not-aligned indicates that the ledger card is not properly aligned at the pinch point 
of the first feed rolls of the ledger card device. The LCD I/O attention indicator is lighted 
and the card gate is raised when the command is issued to test for card-not-aligned. No 
card can be fed into the LCD until the card gate is raised. This condition must be tested 
for and found to be absent before issuing any of the following commands: 


1. Feed, read ID, and locate next print line 
2. Feed, read ID, and eject 
3, Read all line finder marks 


For ease of programming, the condition tested for should be card-not-aligned. A test I/O 
and branch instruction for card-not-aligned causes the LCD attention indicator on the 
console to be turned on if the card is not aligned. The indicator turns off when the card 
aligned condition is present. 


Example: 
Instruction 
fea fe[e[a, 
Address 0123 0124 0125 0126 


If unit check exists in the printer attachment, the next instruction is taken from 0C21. If unit check 
does not exist, the next instruction is taken from 0127. 
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_ to loop. 


Advance Program Level 
Mnemonic: APL 


Op Code Q Byte 
[a [eine 


Operation: The printer or ledger card device is tested for the condition specified by the 

Q byte. If the condition exists, the program loops on the advance program level instruction 
until the condition no longer exists. If the condition does not exist, the next sequential 
instruction is executed. 

The Q byte comprises a device address (always E for the printer and ledger card device) in 
the high-order four bits, an M bit, and an N code. The M bit specifies whether the printer or 
ledger card device is to be tested, and the N code specifies what conditions are to be tested. 
Different conditions are tested for the printer than are tested for the ledger card device. An 
M bit equal to 0 specifies testing the printer; an M bit equal to 1 specifies testing the ledger 
card device. . 

When the M bit equals 0, the following conditions are tested: 


Bits Printer Conditions 

567 

000 Unit check 

001 End of forms (see “Forms Recognition”) 
010 Busy . 

100 Element at left margin 


Combinations of conditions can be tested; it is suggested, however, that only one condition 
at a time be tested. In the combined tests, any of the conditions present causes the program 
The printer attachment becomes busy to the program after acceptance of any start I/O 
instruction. During this busy period, only sense I/O and test I/O instructions and the con- 

trol load I/O instruction, which does not involve LSR’s, are accepted. Busy becomes in- 
active after successful completion of an entire field of chained commands or on immedi- 
ate detection of a machine error. This means that chaining is not completed if an error 
is detected. . . 

Element at left margin indicates that the print element is at the leftmost printing 
position. Normally, the print element should be programmed to the left margin at the 
start of a job. Refer to “Printing Location Control” for details. When the M bit equals 1 
the following conditions in the ledger card device are tested: 


Bits LCD Conditions 

567 

000 Unit check 

001 Last printable line 
010 Ledger card device busy 
O11 LSR busy 

100 Read ID busy 

110 Card not aligned 


Unit check for the printer (M code equal to 0) consists of: 


1. Cycle check (horizontal or vertical) 

2. Data check or read only storage check 
3. Margin check 

4. Sync check 

5. Invalid command check 

6. Cover open 

he 


N/6 lever in neutral position 


For further explanation refer to “Printer Error Recovery Procedures”. 
Unit check for the ledger card device (M bit equal to 1) consists of: 


Line finder mark check 
Invalid command check 


1. | Sense amp check 
2. Card skew check 
3. Drive check 

4. Read mark check 
3: 

6. 


Last-printable-line in the ledger card device indicates that while performing either an in- 
dex command or a feed, read ID, and locate next print line command, the last available 
print line on the ledger card has been positioned for posting. When this condition occurs 
the ledger card device automatically ejects the card if another index command is issued. 
If a full card is fed into the ledger card device by a feed, read ID, and locate command, 
the card will be automatically ejected. 

Ledger-card-device-busy occurs only when the ledger card device is executing a start 
I/O instruction. The ledger card device becomes not busy when the instruction is com- 
pleted, either normally or by a unit check condition. 

LSR-busy is a signal activated by either the printer or the ledger card device. It is acti- 
vated under the following conditions: 


1 A printer chained command is in process. 

2. <A printer count command is in process. 

3. A ledger card device feed, read ID, and locate next print line is in process. 

4 A ledger card device feed, read ID, and eject command is in process, and the ID 
number has not yet been read into storage. 

5. A read all line finder marks command is in process, and all the line finder marks 
have not yet been read into storage. 

6. A ledger card device read mark and eject command is in process, and the line finder 
mark has not yet been read. 

7. A ledger card device index command is in process. 


Because the ledger card device and printer share the same print data address register 
and print command address register, care must be taken when overlapping printer and 
ledger card device commands. It is permissible to overlap printer and ledger card device 
commands only when LSR-busy is not active. 

Read-ID-busy is activated by the feed, read, and locate next print line, and feed, read, 
and eject commands. It remains active until the ID number has been read into storage. When 
read-ID-busy is no longer active, the program can determine the ID number on the ledger 
card before the ledger card has been completely fed to the print line. Read-ID-busy is 
also activated when executing the read all line finder marks command until the 43 byte 
transfer has been completed. 

Card-not-aligned indicates that the ledger card is not properly aligned at the pinch 
point of the first feed rolls. The LCD I/O attention indicator is lighted and the card gate 
is raised when the command is issued to test for card-not-aligned. No card can be fed into 
the LCD until the card gate is raised. This condition must be tested for and found to be 
absent before issuing any of the following commands: 


l. Feed, read ID, and locate next print line 
2: Feed, read ID, and eject 
3. Read all line finder marks 


An advance program level instruction for card-not-aligned causes the LCD attention 
indicator to turn on if the card is not aligned. The indicator turns off when the card- 
not-aligned condition is absent. 


IBM 5213 and 2222 Serial Printers 4-21 


4-22 


Program Note. Do not use the advance program level instruction to test for unit check, 


‘end-of-forms, element at left margin, or last printable line. If any of these conditions is 
tested by advance program level and is found to be present, the system loops endlessly 
on the advance program level instruction with no indication to the operator that process- 
ing is not continuing in the normal manner. 


Example: 


Instruction 


ae) 


1f a ledger card is aligned at the ledger card device alignment station, the system executes the next 
sequential instruction. If no card is aligned at the alignment station, the system repeats this 
instruction and turns on the LCD attention indicator. 


Load I/O 
Mnemonic: LIO 
Op Code OQByte  Operand Address 


Operation: The two bytes in storage addressed by the operand address are loaded into 


‘the destination specified by the Q byte. The operand is addressed by its rightmost byte. 


The Q byte comprises a device address (always E for the printer and the ledger card 
device) in:the high-order four bits, an M bit, and an N code. An M bit of 0 specifies the 
printer; an M bit of 1 specifies the ledger card device. An M bit of 1 when the ledger card 
device is not installed causes a processor check stop with the invalid-Q-byte indicator on 
the CE rotary display turned on. | 

The N code specifies the destination to be loaded as follows: 


Bits — Destination 

DO 7 

000 -: Locate line address register (ledger card device only) 

010 Bit significant functions in: the printer or ledger card device attachments 
100 . _ Print data address register 

110. . _ Print command address register 


The bit significant functions for the printer or ledger card device are a single byte 
loaded from the low-order position of the operand field. The bits within the byte cause 
the following functions: 


Bit Function 

0 Diagnostic block stepper high speed or ledger card device diagnostic reset 
(on = set, off = reset). 

1 Force data bus out check. 


Force diagnostic stepper emitter advance pulse or ledger card device emitter 
pulse (on = set, off = reset). 


3 Force diagnostic print gate emitter vertical advance pulse or ledger card device 
sense cells off (on = set, off = reset). 

4 Bit equal to 1—turn on diagnostic mode. Bit equal to O—turn off diagnostic 

. mode. 

5 Integrated emitter or ledger card device card in switch (on = set, off = reset). 

6 Bit equal to 1—set use secondary end-of-forms latch or ledger card device out 
switch. Bit equal to O—reset end-of-forms latch or ledger card device out 
switch. 

7 Bit equal to 1—set end-of-forms indicator latch. Bit equal to 0O—reset end-of- 


forms indicator latch. 


Bits 0 through 5 are for diagnostic use only and are used by the customer engineer. 
Bit 6 causes the secondary carriage end-of-forms switch to function in the same way as 
the primary carriage end-of-forms switch when the secondary carriage runs out of forms. 
Bit 7 causes the printer I/O attention light on the console keyboard to turn on. 


Program Notes: 


1. The load I/O instruction with an N code of 010 is executed even if the attachment is 
busy executing another command. The other load I/O instructions will not be executed 
if the attachment is busy. 

A load I/O instruction specifying the locate line address register with an M bit equal 

to 0 and issued when the ledger card device feature is not installed is ignored, and the 
next sequential instruction is executed. The load instruction will appear to have been 
executed but the locate line address register will not be loaded. 

If a load I/O instruction is given with an M bit equal to 1 and the ledger card device 
feature is not installed, the processor check stop occurs with the invalid-Q-byte indi- 
cator in the CE rotary display turned on. 


ad 


WwW 


Example: 
Instruction 


1 


2 


Operand 
28 29 
3F16 3F17 


Print Command Address Register before Operation 


26 


Print Command Address Register after Operation 


28 © 


N 
B 
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Sense I/O 


Mnemonic: SNS 
Op Code Q Byte Operand Address 


Operation: Data from the specified area is stored in main storage at the location specified 
by the operand address. Two bytes of data are stored. The operand is addressed by its 
rightmost byte. 

The Q byte contains a device address (always E for the printer and ledger card device) 
in the high-order four bits, an M bit, and an N code. The M bit specifies whether the sense 
data is to be taken from the ledger card device or from the printer. An M bit equal to 0 
specifies sense data taken from the printer; an M bit equal to 1 specifies sense data taken 
from the ledger card device. 

The N code specifies from where data will be taken for storage in the processing unit. 
The N code controls this as follows: 


Bits Source 

567 

000 Locate line address register 

001 Locate line address register 

010 Status bytes 

011 Diagnostic device interface signals 
100 Print data address register 

101 Print data address register 

110 Print command address register 
111 Print command address register 


Local storage registers used as printer and ledger card device address registers are stored 
from their appropriate N codes whether the M bit is O or 1; however, the M bit controls 
what specific signals are stored for the status and diagnostic bytes. 

‘When the M code equals 0 and the N code equals 010, status bytes are stored as shown 
in Figure 4-6. The conditions specified in status byte 1 are defined under “Printer Error 
Recovery Procedures.” The conditions stored in status byte 2 are diagnostic bits only and 
of no interest to the problem programmer. 

When the M bit equals | and the N code equals 010, the status and diagnostic bytes for 
the ledger card device are stored as shown in Figure 4-7. The conditions specified for 
status byte 1 are defined under “Printer Error Recovery Procedures.” The conditions 
specified by status byte 2 are for diagnostic purposes and are of no interest to the problem 
programmer. 

















Status Byte 2 (High Order) Status Byte 1 (Low Order) 


ee 
ee 


Figure 4-6. Printer Status Bytes 

Ee Sense Amp 1 Sense Amp Check 

Lae | Sense Amp 2 Card Skew Check 

Sense Amp 3 Drive Check | 
Sense Amp 4 Read Mark Check 

ees Timing Pulse Line Finder Mark Check 

Pe Drive Check SS Invalid Command Check 














Status Byte 2 (High Order) Status Byte 1 (Low Order) 










Active LCD Clutch Card-in Switch On 
Hold Busy SS Card-out Switch On 


Figure 4-7. Ledger Card Device Status Bytes 
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When the M bit equals 0, the diagnostic device interface signals stored when the N code 
equals 011 are for diagnostic use by the customer engineer and are of no interest to the 
problem programmer. . 

When the M bit equals 1 and the N code equals 011, the diagnostic device interface 
signals stored are those shown in Figure 4-8. The contents of status byte | in this case 
are for diagnostic use by the customer engineer and are of no interest to the problem 
programmer. 

If the ledger card device is not installed, status byte 1 will contain hexadecimal 00. 


Bits 0 through 2 of status byte 2 can be used by the problem programmer to determine 


what printer features are installed on the system. 


Example: 


Instruction 


=[Le[le#[ 


Two status bytes are stored in main storage at locations OS6F and 0570. 






a a 

a a aia 
Enhanced Print Rate Feature 

ee 

fe [ cn 

pees 








[ reriwan one zeonswnenet [awe 


Figure 4-8. Diagnostic Device Interface Status Bytes 


PRINTER OPERATION TIMING 


Printing is at 85 characters per second in all models of the 5213 and 2222 Printers. 
However, printing is: 


1. From left-to-right in the 5213 Models 1 and 2 and in the 2222 Model 1. 
2. Bi-directional (left-to-right and right-to-left) in the standard 5213 Model 3 and in 
the 2222 Model 2. 


Tab operations occur at a varying rate. For right-to-left tabs of less than 8 spaces, the 
printing element moves at 8-1/2 inches per second. For right-to-left tabs of 8 or more 
spaces, the printing element moves at greater than 15 inches per second until fewer than 
8 spaces are left. At that time the print element slows to 8-1/2 inches per second. 

Left-to-right tabs in the 5213 Model 1 and Model 2 are at 8-1/2 inches per second 
regardless of the length of the tab. In the 5213 Model 3 and the 2222 Model 1 and Model 
2, all tabs are at 15 inches per second until less than 8 spaces are left. 

Element return operations occur at greater than 15 inches per second in all printers. 

Command execution time is always the greater of the following: either 65 milli- 
seconds or 30 milliseconds plus the execution time. For example, for a print command 
printing one character, the time is: 


30 ms + ( Lcharacter__) — 30 ms + 1/85 sec = 41.8 ms 
85 characters/sec 


Since 41.8 milliseconds is less than 65 milliseconds, 65 milliseconds will be required to 
execute the instruction. 
Another example is a tab left of 20 characters, which is 2 inches. The execution time is: 


1 sec 1 sec “ 
30 ms + $1/2 inches )* 0.8 inches }77inches imches 212 inches = 194.6 ms 


Since 208.6 milliseconds is greater than 65 milliseconds, the execution time for the com- 
mand is 208.6 milliseconds. 

The enhanced-print-rate feature increases per-character print speed to 115 characters 
per second for fields longer than 5 characters. The appropriate print speed formula is: 


1 1 } 
30 ms (5) x 5 characters ‘() x number of characters exceeding 5. 


For example, for a 20-character field: 


1 1 
30 ms + s(55) 23 1s(775)= 218.7 ms. 


Operation timing for line printing operations using the bi-directional printing feature 
can be calculated from the formula: time (in milliseconds) = 11.8 x characters per line. 
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Printer error conditions are latched in the I/O attachment and reset by the next printer 


start 1/O instruction. The exact cause of the error can be detected by issuing a sense I/O 
instruction prior to the next start I/O instruction. The following errors cause unit check: 


Horizontal Cycle Check 


This check is caused by a failure of the printer to respond to a print, tab, or element- 
return command within 35 milliseconds. Figure 4-9 illustrates the recommended recovery 
procedure for a horizontal cycle check. 


Programming Note: If a vertical forms motion command is overlapped with the hori- 
zontal command, the vertical command is executed if possible. If the commands are 
overlapped, a check must be performed to determine if a vertical cycle check occurred. 
If both horizontal and vertical cycle checks occur on the same printer operation, the 
program must determine whether any count byte belongs to the horizontal operation or 


' to the vertical operation. 


Data Check 


This check indicates that a parity error was detected in the printer attachment data 
register. The character in error will not have been printed. It was not the last character 
to be printed; the character that was to follow the character in error will also have been 


'. spaced over by the time the print element stops. Figure 4-10 shows the recommended 


error recovery procedure for data check. 


Margin Check 


Margin check turns on and the print element stops moving if a margin switch is encountered 
in a horizontal count command before the count byte is reduced to zero. 

The print element should be reoriented to the left margin. If the left margin status byte is 
not on, the element return command must be given. Margin check will not occur on element 


‘return commands. When margin check is detected, the print command address register may 


be pointing at the next command or at the count byte. 


Sync Check 


Sync check is caused by the timing element in the printer getting out of step with the 
timing elements in the printer attachment. When a sync check is detected, it is stored in 
a hardware latch. The attachment automatically corrects itself, and the operation contin- 
ues until normal count end. A print command which resulted in sync check will be prop- 


erly completed and possibly one character may not.be printed correctly. Sync checks 


can occur on all horizontal commands except element return. 
When sync check is detected, the processing unit should perform a program halt and 
give the operator the option to: 


1. Visually check the printout and continue. 
2. Use a program checkpoint to restart and reprint only the form in error. 
3. Restart the complete job. 


If the sync check occurs on a tab command, the operator should be encouraged to contin- 
ue because the automatic correction function is successful almost 100% of the time. 


ROS Check 


This check indicates a parity check in one of the seven bytes that make up the print char- 
acter that is being read from the attachment to be printed. Printing is immediately sup- 
pressed and the operation is terminated. If the character in error is not the last character 
to be printed, the next character following the character in error will also have been spaced 
over by the time the print element stops. . 

Error recovery for the ROS check is the same as error recovery for data check (Figure 4-10). 









Horizonta) cycle 
check 


Sense |/O for print 
command address 
register and print 
data address register 
















Subtract 1 from the 
contents of the print 
command address 
register 


















Print 
command 
address register point 
to hex FF 


No 


Element return 
command 


Retry the command 


Print command 


Print right to left 





Subtract 1 from the 
contents of the print 
data address register 


Add 1 to the 
count byte 


Add 7 to the contents 
of the print data 
address register 













Subtract the count 
byte from the con- 
tents of the print 
data address register 







Figure 4-9, Horizontal Cycle Check Error Recovery 
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Data check 
or ROS check 


Sense I/O for printer 
status bytes 






Single 
character 
print field 







Sense |/O for 
printer command 
address register 











Subtract 2 from above 
and load result in printer 
command address register 






Add 1 to above result in 
storage to obtain count 
byte address 





Sense 1/O for 
printer data 
address register 
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Bi- 
directional 
printing 
mode 










register 


Subtract K from 
printer data 
address register 






Reposition print element 
K — 1 positions feft 


Add K to count byte 
Execute start 1/O with 
control code bit 7=0 


Subtract count from 
printer data address 









Status 
Byte 2, bit 
1=1 















Add K to printer 
data address register 


Reposition print element 
K—1 positions right 


Add K to count byte 
Execute start 1/O with 
contro! code bit 7=1 


Exit error 
routine 


Figure 4-10, Data Check and ROS Check Error Recovery Procedure 


Vertical Cycle Check 


This check is caused by a failure of the printer to indicate motion within 35 milliseconds 
(120 milliseconds on printers with pin feed platen) after a vertical action command is 
initiated by the attachment. This includes primary index, primary skip, and secondary 
index commands. Figure 4-11 illustrates the recommended recovery procedure. 


Program Notes. 


1. Because either a secondary carriage or a primary carriage response will imply carriage 
motion, both primary and secondary carriage operations should not be issued in the 
same command. 

2. ‘If the command byte includes a horizontal motion command, the horizontal command 
will be executed, if possible. If both horizontal and vertical cycle checks occur dur- 
ing execution of the same command, a check must be made to determine which 
command, if any, is a count command. If a horizontal command that overlaps the 
vertical command executes correctly, the retry of the vertical command must mask 
off the vertical command bits. 


Invalid Command 


This check indicates that an invalid command was issued to the printer attachment. The 
invalid command will not be executed and a unit check will immediately occur. The print 
command address register will contain the address of the byte directly to the right of the 
command byte that failed. Execute a sense I/O instruction to obtain the contents of the 
print command address register. Subtract 1 from this and display contents for visual 
checking. 


Data Bus Out Check 


This check indicates that data with even parity was sent from the CPU to the printer 
attachment. It causes the CPU to stop with the processor check indicator turned on. 


LEDGER CARD DEVICE ERROR RECOVERY PROCEDURES 


Drive Check 


This check indicates that the ledger card device was given a command and one of the 
following conditions occurred: 


1. There was no card in the transport. 
2. The card entered the transport but failed to continue to the card output tray. 
3. | No movement took place in the transport. 


When a drive check is detected, the program must record the error in the error log and 
execute a halt program level instruction with an appropriate halt identifier. 

The operator removes any card in the transport either manually or by pressing the eject 
key. After removing the card from the transport, the operator reinserts the card in the 

- ledger card device feed chute and operates the system start key. 

Operating this key should cause the program to reinitialize the command field and the 
printer-command, printer-data, and locate-line address registers, and to execute the start 
I/O instruction that resulted in the drive check. If repeated failures occur (the number of 
retries to be determined by the programmer), the program should execute a halt program 
level instruction with a halt identifier that specifies that the CE should be called. 
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Vertical cycle check 
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count byte 
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Retry the command 


Figure 4-11, Vertical Cycle Check Error Recovery 


Sense Amp Check 


This check is caused by a failure in the optical sense cells associated with reading the ID 
number or line finder marks on the ledger card. 

When this check is detected, the program must enter the error in the system log and 
come to a programmed halt with an appropriate halt identifier. An eject command must 
be issued when the system start key is operated. 

Check that the pressure roll release lever is in the run position and that the left-hand 
card guide is adjusted properly. When these have been checked, eject the card by opera- 
ting the system start key. Insert the card in the ledger card device feed chute. 

When the card has been inserted, the program should reinitialize the command field 
and the printer-comman4d, printer-data, and locate-line address registers, and retry the 
start I/O instruction in which the sense amp check occurred. If repeated failures occur, 
the program should issue a halt program level instruction with a halt identifier that 
specifies that the CE should be called. 


Card Skew Check 


This check indicates that the ledger card is out of registration with the feed rolls or the 
transport. 

When this check is detected, the program must enter the error in the system log and 
come to a programmed halt with an appropriate halt identifier. An eject command must 
be issued when the system start key is operated. 

The operator must check that the pressure roll release lever is in the run position and 
that the left-hand card guide is adjusted properly. When these have been checked, the 
card is ejected by operating the system start key. The card is then inserted in the ledger 
card device feed chute. 

When the card has been inserted, the program should reinitialize the command field 
and the printer-command, printer-data, and locate-line address registers, and retry the 
start I/O instruction in which the card skew check occurred. If repeated failures occur, 
the program should issue a halt program level instruction with a halt identifier that speci- 
fies that the CE should be called. 


Read Mark Check 


This check occurs during a read mark and eject command. It indicates that the second 
read station did not read the last line finder mark printed on the card. The program should 
issue an eject command. The operator should inspect the line finder marks on the card 
that is ejected, mark over any weak line finder marks with an IBM ELECTROGRAPHIC ® 
pencil or equivalent, and put the card in the output tray. If consistent read mark checks 
occur, check that the printer ribbon is not worn out, preventing printing line finder 

marks of sufficient density to be read. 


Note. Optical sensing is more critical than the human eye; therefore, an apparently “worn 
out” ribbon used in ledger card operations can still be acceptable for normal printing 
applications. 
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Line Finder Mark Check 


This check occurs only during a feed, read ID, and locate next print line command. It 
indicates that after the next available print line was determined, a subsequent line was 
found to have a line finder mark. The program should eject the card and stop with an 
appropriate halt ID. The operator should remove any extraneous marks from the card, 
scribe over any weak line finder marks with an IBM ELECTROGRAPHIC ® pencil or 
equivalent, and reinsert the card. After the card is reinserted, the program should reini- 
tialize the command field and the printer-command, printer-data, and locate-line address 
registers, and reissue the start I/O to reposition the card, and reissue the feed, read ID, 
and locate next print line command. If consistent line finder mark checks occur, check 
that the printer ribbon is not worn out, preventing printing line finder marks of suffi- 
cient density to be read. 


Note, Optical sensing is more critical than the human eye; therefore, an apparently “wom 


out” ribbon used in ledger card operations can still be acceptable for normal printing 


applications. 


Invalid Command 


This check indicates that an invalid command was issued to the ledger card device. The 
invalid command will not be executed and a unit check will occur immediately. The pro- 
gram should reinitialize the command field and the printer-command, printer-data, and 
locate-line address registers, and come to a programmed halt with an appropriate halt 
code. The operator must eject the ledger card with the manual eject key and operate 

the system start key. When the system start key is operated, the program should test 

for ‘“‘card aligned,” then repeat the start I/O instruction in which the invalid command 
was encountered. 


A maintenance monitor, used for diagnostic purposes only, indicates to the service 
representative when a print head should be replaced. This meter is located in the front 
center section of the printer and is visible when the printer cover is opened. 


Chapter 5. IBM 5444 Disk Storage Drive 


The IBM 5444 Disk Storage Drive (Figure 5-1) is an integral part of the system. It provides 
the system with direct access storage with capacities ranging from 2,457,600 bytes through 
9,830,400 bytes. 

The disk drive incorporates one fixed disk and one removable disk. The removable disk is 
contained in a cartridge (Figure 5-2) that protects the disk when the cartridge is removed 
from the drive. _ 

Four configurations can be obtained by combining the three disk drive models. Model 
1 has 100 tracks on each surface of each disk for a total capacity of 2,457,600 bytes. 
Model 2 has 200 tracks on each surface of each disk for a total capacity of 4,915,200 
bytes. Model 3 has 200 tracks on each surface of the removable disk only for a total 
capacity of 2,457,600 bytes. In each model there are 3 additional alternate tracks on 
each surface. The four possible configurations are: 


1. One model 1 

2. One model 2 

3. One model 2 and one model 3 
4 Two model 2s 





BRO380 


Figure 5-1. IBM 5444 Disk Storage Drive 
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FILE ORGANIZATION 





BRO0433 


Figure 5-2, Disk Cartridge 


Each surface of each disk contains 104 or 204 tracks. The tracks that are related to each 
other in the vertical plane on a single disk are considered to form a cylinder as shown in 
Figure 5-3. On drives with two disks (models 1 and 2) the corresponding cylinders on 
both disks have the same cylinder number. Two hundred of the cylinders on each disk 
(100 for Model 1) are used for data tracks, 3 are used as alternate tracks, and 1 is used 
for CE purposes. . 


Track Format 


Each track is divided into 24 sectors as shown in Figure 5-4. Each sector has its own 
individual address. A sector is made up of an address marker, sector identifier, data 
field, and some gaps. - 


- Index marker—a mark that is fixed for each disk and provides orientation information 


to the attachment. It is the starting point for every track. 


AM (address marker)—a specially written group of bits used to indicate the start of a 
new sector. 


ID (sector identifier)—a group of bytes containing the unique identification of that 
sector for that disk. 


Data—area of the sector that contains 256 bytes of data and three bytes of check 
characters. 


Gaps—specially written areas on the disk that are used to separate and define the other 
elements of the sector. 






Track O 
One Cylinder 
Removable Disk Track 0 
Track O 
One Cylinder 
Fixed Disk Track O 


204 Cylinders 





Figure 5-3, Cylinder Concept 


Gaps 


Data Data 


[ ] Index Marker 





Sector 0 Sectors 1 through 22 Sector 23 


Figure 5-4. Sector Layout 
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SECTOR IDENTIFIER FORMAT AND ADDRESS 


The identifier area of a sector contains 3 bytes of flags and address information and 3 bytes 
of check information: 


= 


F (flag byte)—contains the flagging information in bits 6 and 7. All other bits in this byte 
should be 0. 


C (cylinder byte)—contains the binary mumbo that corresponds to the physical location 
of the track on the disk. 


S (sector byte)—contains the number of the sector. Sectors on top of the disk have sector 
numbers from 0 through 23. Sectors on the lower surface of the disk have sector numbers 
from 32 through 55. 


CC (cyclic check)—automatically generated and used for checking purposes. 


BCA (bit count appendage)—an automatically generated checking bvte. 


The address of any individual sector is contained in the first three bytes of the identifier. 
This address applies only to the disk on which the bytes are located. Sectors occupying the 
same physical location on a fixed disk and on all removable disks have identical binary 
numbers in the cylinder and sector bytes. Use of the sector requires that the drive and the 
disk containing the desired sector be specified. Cylinders are numbered 0 through 203. 
Cylinder 203 is reserved for CE use. Cylinders 1 through 3 are used as alternate cylinders 
if a track in cylinders 4 through 202 is found defective. Cylinders 0 through 202 are 
the normal data cylinders. 

Sectors within a track are identified by their physical position on the track with relation 
to the index point and by the surface of the disk on which they reside. The sectors on the 
upper surface of the disk are numbered 0 through 23 starting with index, and the sectors 
on the lower surface are numbered 32 through 55. A specific sector, then, is addressed by 
specifying a drive number, fixed or removable disk, a cylinder number, and the 
sector number. 


DISK OPERATING RESTRICTIONS 


FILE OPERATIONS 
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The disk file drives operate only when a removable disk is properly installed on the drive 
and the disk file drive drawer is in the closed position. The drawers cannot be opened 
unless power is first removed from the drive by moving the disk drive 1 or disk drive 2 
switch to off while system power is on. Drawers should be kept closed at all times unless 
a disk cartridge is being inserted or removed. The 5440 Disk Cartridge must be stored in 
the same operating environment as that of the system for at least 2 hours before the 
cartridge is mounted for processing. This will assure that the disk cartridge will have time 
to adjust to the temperature and humidity conditions in which it will be used. 


Two operations must be performed to prepare for each file operation. The address of the 
file control field must be stored in the disk file control address register (one of the local 
storage registers) and the address of the high-order byte of the disk file data field must be 
stored in the disk file data address register. 


The file control field consists of 4 bytes designated F byte, C byte, S byte, and N byte. 
The bytes are used as follows: 
Byte Use 


F __ This is the first byte in the field and the byte addressed by the disk file control 
address register. In seek operations this byte is not used. In other file operons 
it contains the flag bits in bits 6 and 7. 


C This second byte of the field contains a binary number that designates a cylinder 
number. This byte contains the same kind of information for all operations. 
S This third byte of the field contains a sector number (binary) in bits 0 through 5 


and uses bit 7 as a seek control. In seek operations bit 0 of this byte determines 
whether, in succeeding read, write, or scan operations, the track on the upper 
surface of the disk is used or the track on the lower surface of the disk is used. 
When bit 0 is equal to 0, the upper track is used; bit O equal to 1 causes the lower 
track to be used. The access head that reads the upper track is called head 0; 

the access head for the lower track is head 1. 

For seek operations bit 7 of this byte specifies the direction of the seek; bit 7 
equal to | specifies seek in the direction of increasing cylinder number; bit 7 
equal to O specifies seek in the direction of decreasing cylinder number. For any 
operation other than seek, bit 7 of this byte must be 0. 

N This last byte in the field specifies either the number of cylinders to move the 
access mechanism for a seek operation or the number of sectors to operate on for 
any other operation. For operations other than seek, this binary number must be 
1 less than the actual number of sectors desired. 


Seek 


The access mechanism cf the selected drive is moved a specified number of cylinders and 
the upper or lower head for the specified disk is set for future read, write, or scan 
operations. The number of cylinders to be crossed and the head to be set are specified by 
the disk control field as described before. 

The N byte specifies the number of cylinders the access mechanism will travel during the 
seek. 

Bit 7 of the S byte specifies the direction of movement; forward (bit 7 equal to 1) is 
from cylinder 0 toward cylinder 202. The head is specified by bit 0 of the S byte. 

The recalibration function is executed by specifying (1) a seek in the reverse direction 
and (2) a number of cylinders to be moved that is greater than or equal to 224. The 
recalibrate function causes the access mechanism to seek to cylinder 0, and select head 0, 
regardless of the S byte in the control field. : 

The cylinder 0 bit in the sense byte is set when the mechanism reaches cylinder 0 and - 
can be interrogated with a sense I/O instruction after the seek is completed. 

Seek operation is begun by issuing a start I/O instruction. A second start I/O instruction 
can be issued to the same disk drive if the start I/O specifies a read, write, or scan opera- 
tion. The second instruction will be accepted provisionally and executed if no errors occur 
in the operation of the seek instruction. 

No information in storage is changed by this operation. Test I/O for busy or advance 
program level on busy will not detect busy unless a read, write, or scan instruction has 
been provisionally accepted. The sense bit for seek busy will be on, however, for 
interrogation by the sense I/O instruction. A seek instruction to an access mechanism that 
is already seeking results in the processing unit performing a one-instruction loop on the 
seek instruction until the access mechanism is no longer busy seeking. An attempt to 
seek to the cylinder at which the access mechanism is located results only in the transfer 
of the disk control field to the attachment because no access mechanism motion is required. 


IBM 5444 Disk Storage Drive 5-5 


5-6 


In addition to positioning the heads over the desired track, the seek instruction provides 
the only means of selecting the head that will be used for succeeding read, write, or scan 
operations. If an operation is performed with one head, and the succeeding operation is 
to be performed by the other head in the same cylinder, a no-movement seek can be used 
to switch heads. A no-movement seek is a seek to the cylinder at which the access mecha- 
nism is located. 

A typical application of this principle occurs when a write operation beginning with a 
sector address using head zero specifies a number of sectors that requires head switching 
and writing the last sectors with head one. A no-movement seek is required to switch 
heads back to head zero before a verify operation can begin at the first sector written. 


Seek Time 


Figure 5-5 shows the approximate time required to seek across any number of tracks from 
10 through 200. Seek time can also be determined from the following formula: 


Seek time for 1 track = 39 ms 
Seek time for two or more tracks = 47 ms + 3.42 (N-2) ms 
(where N = number of tracks to be crossed) 


_ Note: Because of tolerances in the drive mechanisms, as much as 3.55 milliseconds may be 


required to cross each track seeking in one direction; however, a drive that requires 

3.55 milliseconds in one direction will not require more than 3.29 milliseconds to cross 
each track in the opposite direction. Therefore, 3.42 milliseconds is the average maximum 
track crossing time after two tracks have been crossed. 


Read Data 


This instruction initiates the transfer of data from the selected disk to main storage. Data 
is transferred in multiples of 256 bytes (the contents of an individual file sector). The 
entire contents of a cylinder can be read if reading is started with sector 0. Only consecu- 
tive sectors are read when multiple sector reading is indicated. 

Reading begins with the sector specified by the S byte of the disk control field in main 
storage. The data is transferred to main storage starting at the address stored in the disk 
file data address register, and succeeding bytes are transferred to progressively higher loca- 
tions. The disk file data address register is continuously updated so that it points to the 
storage address where the next byte is to be stored. 

When the disk control field specifies that more than one sector is to be read, the sector 
address is updated each time a sector is read. Disk sector addresses cannot overflow from 
disk to disk because each disk contains the same addresses on the same cylinders. 

The disk control field in storage is compared with the sector identifier fields on the disk 
track to find the first sector to be read. The comparison is repeated for each additional 


-sector to be read. If the disk control field and the sector identifier fail to match, the opera- 


tion ends after the data portion of that sector is transferred to main storage even if other 
sectors remain to be read. 

During a read operation, the attachment generates two cyclic check (CC) bytes and a 
one-byte bit count appendage from the data that has been read and compares these to the 
CC bytes and bit count appendage read back with the data. This comparison provides a data 
check for errors. During multiple sector reads, the operation will be terminated at the end of 
any sector in which an error is detected. 

Two other abnormal conditions cause termination of the read operation. Reading is 
terminated at the end of any sector if the sector read is the last sector (sector 55) in the 
cylinder. Equipment check causes an immediate termination without waiting for the 
end of the sector. 

_ The read operation ends when the N byte of the disk control field reaches FF and the data 
from that sector has been transferred. The number in the N byte is decremented by one at 
the beginning of each sector transferred. 
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Figure 5-5. Seek Timing 
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At the end of the operation the four bytes of the disk control field contain information 


about the progress of operation. The number of sectors processed (or attempted to be 


processed) is equal to the original value of the N byte minus the value of N at the end of 
the operation unless all sectors requested have been processed. If all sectors have been 
processed, the value of N at the end of the operation is FF. At the end of the operation, 
the S byte of the disk control field contains the identifier of the last sector processed, unless 
there is a missing address marker on the disk or no sector could be found with an identi- 
fier that matched that in the disk control field. If no sector has been processed, the S byte 
in the disk control field is the S byte of the first sector desired. If an address marker is 
missing and a sector has been processed in a multi-sector operation, the S byte in the disk 
control field is that of the sector that lacks an address marker. 

The file control unit is busy to all other operations except sense I/O during a read 
data operation. 


Read Identifier 


This operation transfers the sector identifier (F, C, and S bytes) from the selected disk 
to storage. The operation starts with the first identifier to come under the head after the 
instruction is executed. The operation transfers the first sector identifier found to the 
address designated by the disk file control address register. If an error is found in this 
identifier, the next sector identifier is read and transferred to storage starting at the 
original address contained in the disk file control address register. The operation is 
terminated by the transfer of the first sector identifier found without an error, by no 
record found, or by equipment check. 

The file control unit is busy to any new operation except sense I/O while the read 
identifier operation is being performed. _ 

The information contained in the disk control field at the beginning of this operation 
is not used but is destroyed by the information read in from the disk. At the end of this 
operation the first three bytes (F, C, and S) of the disk control field contain the last 
sector identifier read from the file. The last (N) byte of the disk control field is not 
changed. This operation cannot switch reading between the upper and lower surfaces 
of the disk. 

At the end of the operation the disk file control address register contains the original 
address unless there is an equipment check. 


Read Diagnostic 


This operation is similar to a read data operation. Reading always begins at the index. 
Up to 48 sectors can be read (the entire contents of the cylinder) but no more than 

24 sectors should be read. Exceeding the 24 sector limit increases the chances of reading 
the wrong data field into storage. 

The data portion of the record is read and placed in storage beginning at the address 
specified in the disk file data address register. One is subtracted from the N byte and 
is added to the S byte of the disk control field for each sector read. The data address in 
the disk file data address register is returned to its original value at the beginning of 
each sector so that successive data fields overlay each other in storage. 

The operation ends at the end of the sector in which the sector count is reduced to 
FF, the end of the cylinder is detected, or equipment check is detected. No other error 
conditions terminate the operation. When the operation is terminated, the contents of 
the data area of the last sector read are in the data area of main storage. 

Read diagnostic operates with reduced address marker requirements so that data that 
cannot be read by a read data operation because of a missing address marker can be 
recovered. 


The original sector identifier in storage (F, C, and S bytes of the disk control field) 
should be the identifier of the first record on the track, so that the identifier area in 
storage at the end of the operation contains the identifier of the last record read unless 
there is no record found without a data check. No record found without a data check 
or a track condition check indicates that an address marker is missing earlier on the 
track. | 

The error conditions indicated apply only to the last sector read. Any detected errors 
that do not cause the operation to end before the number of sectors requested has 
been read are reset at the end of the sector in which they are detected. 

The number of sectors read can be determined by subtracting the N byte of the disk 
control field from the original value of the N byte unless all sectors have been read. If 
all sectors have been read, the N byte is set to FF. 

The control unit is busy to any new operation, except sense I/O, while performing a 
read diagnostic operation. . 


Read IPL 


This operation is initiated by operating the program load switch on the keyboard-console. 
Initial program loading will be performed from the disk on disk drive one specified by 
the position of the disk select switch on the keyboard-console. The read IPL operation 
causes the 256 bytes of data contained in the first record after the index mark on track 
zero of the selected disk to be transferred to storage starting with storage address 0000. 
Control is then passed to the processing unit and instruction execution begins, starting 
at address 0000. 

No compare is made on the identifier of the first record; the first record found after 
the index mark is read and any error conditions are made available for program testing. 
If no record is found or the wrong record is read, the program will not start correctly. 
An unsuccessful IPL operation requires an operator retry. 

A test I/O and branch instruction should be performed to test for errors before 
attempting the first start I/O instruction. 


Verify 


A start I/O instruction initiates this operation. The verify operation is performed for 
write checking. It must be performed after every write operation. This operation is 
performed in the same way as the read data operation except that no data is transferred 
to main storage and the disk file data address register is not updated. No cycle steals are 
required except for updating the sector and number bytes in the disk control field. 

The function of write checking is done by generating the cyclic check and bit count 
appendage characters read from the disk. . 

At the end of the operation the disk control field contains information about the 
progress of the operation. The sector byte of the disk control field indicates the last 
sector verified. The number of sectors verified can be determined by subtracting the 
contents of the N byte of the disk control field from the original value of the N byte 
unless all sectors have been verified. If all sectors have been verified, the N byte 
contains FF, | 
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Write Data _. 


This operation transfers data from storage to the selected track on the disk. The data is 
transferred in multiples of 256 bytes. The entire data content of a cylinder can be 
written (48 sectors) if writing starts with head 0, sector 0. Only consecutive sectors 
can be written by multiple-sector write operations. 

Writing begins with the sector specified by the identifier portion (F, C, and S bytes) 
of the disk control field located in storage and addressed by the disk file control address 
register. The identifier from the disk control field is compared with the sector identifiers 
read from the selected disk track. Comparing begins with the first sector identifier to 
come under the head. An equal condition between the disk control field identifier and 
the sector identifier enables the writing of the 256 bytes of sector data. The data is 
fetched from storage using the disk file data address register for addressing. 

When multiple sectors are indicated, one is added to the S byte and subtracted from the 
N byte of the disk control field for each sector written (except when transferring heads, 
which requires that 9 be added to the S byte). This updated disk control field identifier 
is then compared to the next identifier read from the disk. An equal comparison of all 
succeeding addresses must occur before their corresponding data fields are written on 
the disk. The data field of a sector will not be written if an error is found before writing 
of data begins. 

The write.data operation is ended at the end of the sector in which the count byte 
(N byte) is reduced to FF, the end of the cylinder is reached, or a check condition occurs. 
An equipment check terminates the operation immediately. The presence of an error 
can be detected by a test I/O and branch instruction. 

The file control unit is busy to any instruction except sense I/O while it is performing 
a write data operation. _ is 

During writing, the control unit generates two cyclic check and one bit count appendage 
characters for each data field. The three characters are recorded at the end of the data 
field. Write errors must be checked for with a verify operation in order to meet file 
performance specifications. 

At the end of the operation the disk control field contains information about the progress 
of the operation. The identifier portion of the disk control field indicates the last sector 
written or where writing was attempted. The number of records processed can be deter- 


mined by subtracting the contents of the N byte from the original value of the N byte 
‘unless all sectors were written. If all sectors were written, the N byte contains FF. 


Write Identifier 


This operation is initiated by a start I/O instruction. The operation writes 24 sector formats 
(address marker, sector identifier, gaps, and data) on the selected track beginning at the 
index marker. There is no identifier field compare on a write identifier instruction 


. before writing. 


The identifier portion of the disk control field is written as the sector identifier of the 
first sector after the index marker, The N byte of the disk control field is forced to a 
value of decimal 23 by this operation so that exactly 24 sectors are written on the track. 

As each identifier is written on the disk, 1 is added to the S byte and subtracted from 
the N byte of the disk control field. The data field of each sector is filled with a character 
stored at the address contained in the disk file data address register. The disk file data 
address register is not updated during the operation so the same character is propagated 
in all data byte positions of the sectors. 

During writing of each identifier and data field, the control unit generates two cyclic 
check and one bit count appendage bytes and automatically writes them as the last 3 bytes 
of both the identifier and the data fields. The check data for the identifier applies only to 
the identifier, and the check data appendage to the data applies only to the data. 


At the end of the operation, the disk control field contains information about the progress 
of the operation. The identifier portion of the disk control field indicates the last sector 
written or where writing was attempted. The number of records processed can be deter- 
mined by subtracting the contents of the N byte of the disk control field from the original 
value of the N byte unless all records have been processed. If all records have been processed, 
the N byte contains FF. 

The file control unit is busy to all new operations except sense I/O during a write 
identifier operation. 

A verify operation must check for write errors following each write identifier operation 
in order to meet file performance specifications. 


Scan 


Scan operations are initiated by a start I/O instruction. The scan operation searches the 
data fields on the disk to find one that meets certain specified conditions when compared 
to a sector-sized data field in storage. Up to one cylinder of data (48 sectors) can be 
scanned in one operation. The scan operation can specify one of the following conditions 
to satisfy the scan: 


1. Equal 
2. Low or equal 
3. High or equal 


The data in the sectors on the disk is compared with the 256 characters in the disk data 
field in storage. The disk data field is addressed by the disk field data register. The com- 
parison of individual characters within the sector can be masked off by placing a mask 
character consisting of all bits (hexadecimal FF) in each non-compare byte in the 
disk data field in storage. If only 10 bytes are to be compared, the field must contain 
246 mask characters in the byte positions of the characters that are not to be scanned. 

Scanning of the data begins with the sector specified by the identifier portion of the disk 
control field. Comparing of sector addresses begins with the first sector identifier tocome _ 
under the head. After the beginning sector is scanned the S byte is updated to the identifier 
of the next sector and the N byte is decreased by 1 for each sector scanned. 

The operation ends under the following conditions: 


1. | When the data on the disk satisfies whichever condition is specified by the start 
1/O instruction— 
a. Equal to the storage data field 
b. | Equal to or lower than the storage data field 
c. Equal to or higher than the storage data field 
2. At the end of the sector in which the sector count in the N byte of the disk control 
field goes to FF. 
When the end of the cylinder is reached. 
4. At the end of any sector in which an error occurs after the first cone apecitied 
by the disk control field has been found. 


The control unit is busy to any new operations except sense I/O while performing a 
scan operation. 

A scan found condition is indicated to a test I/O and branch or advance program level _ 
instruction. The appropriate bit in the status byte is also set by a scan equal condition. 

At the end of the operation the disk control field contains information about the progress 
of the operation. The identifier portion contains the sector identifier of the last sector 
scanned unless there is a missing address marker. If there is a missing address marker, the 
identifier portion indicates the sector with the missing address marker. If no sector has 
been scanned, the identifier portion indicates the first sector designated. The number of 
sectors scanned can be determined by subtracting the contents of the N byte from the 
original value of the N byte unless all sectors have been processed. If all sectors have been 
processed, the N byte is hexadecimal FF. 


~ 
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The disk file data address register contains the original address at the end of the operation 
unless equipment check occurs. The register contains the address of the last character 
processed in the event of an equipment check. 


Start 1/O 
Mnemonic: SIO 


OpCode OQByte Control Byte 


DA iM: N| Control Code 


Operation: This instruction is used to select a drive and disk and to specify the operation 
that is to be performed by that drive and disk. 

The DA portion (4 bits) of the Q byte specifies the drive that is to be used. nexadectna 
A specifies drive 1, and hexadecimal B specifies drive 2. 

The M bit of the Q byte specifies the disk on the specified drive that is to be used. M bit 
equals 0 specifies the removable disk; M bit equals 1 specifies the fixed disk. 

The N code of the Q byte and bits 6 and 7 of the control code byte specify the operation 
to be performed. Bits 0 through 5 of the control code byte are ignored and can be anything. 
Bits O through 5 of the control byte should be 0’s. The operations that can be specified are: 


N Bits Control Bits 6and 7 Operations 

000 00 Seek 

001 00 Read data 

001 01 Read identifier 
001 10 Read diagnostic 
001 11 Verify 

010 ~=—- 00 Write data 

010 01 Write identifier 
011 00 Scan equal 

O11 01 Scan low or equal 
011 10 Scan high or equal: 


Any N code other than those specified causes the processing unit to stop with a processor 
check and an invalid-Q-byte indication. 

Issuing a start I/O instruction to a control unit that is busy causes the program to 080 on 
the start I/O instruction until the unit is no longer busy. Issuing a seek start I/O instruction 
to a drive that is seeking, or issuing a seek start I/O instruction to a drive that is not ready 
causes the program to loop on the start I/O instruction until the condition is corrected. 

A single start I/O specifying a read, write, or scan will be provisionally accepted by the 
control unit for later execution if the selected drive is executing a seek. If error conditions 
are set at the end of the seek when a read, write, or scan has been provisionally accepted, 
the read, write, or scan is no-oped and the no-op bit in the status bytes is set. 


Note: If for any reason the seek ends before a read, write, or scan start I/O is issued, the 
start I/O instruction will reset the error conditions. This may happen when a seek is termi- 
nated prematurely by a seek check. 


A seek instruction on one drive can be overlapped with a seek on another drive. A read, 
write or scan on one drive can be overlapped with a seek on the other drive if the seek is 
issued first. Overlap will not occur if the seek is issued during a read, write, or scan. 


The start I/O instruction uses the contents of the disk file data address register as the 
initial address of all sector data fields. It uses the contents of the disk file control address 
register as the address of the disk coritrol field. 

A start I/O addressed to an unsafe drive is no-oped and the no-op bit in the status byte is 
el, 

Any start I/O that.is executed resets any previously generated device status except seek 
check, equipment check (unsafe), cylinder 0, and no-op. Seek check is reset by start I/O 
only if it is associated with the drive that is addressed. Equipment check is not reset by any 
instruction (it can be reset: by turning the disk drive power off for a moment). No-op is 
reset by a sense I/O instruction that enters this status bit into storage. Cylinder 0 is reset 
when the access is no longer on cylinder 0. 


nm 


Example: 


Instruction 
ar | 00 | 


Disk File Identifier Address Register 


mn 
Ww 


0 


e 


Disk File Data Address Register 


© 
mn 


Disk Control Field 


0 


je 
oi 


oe 


0200 0201 0202 0203 


512 bytes of data will be transferred to storage and placed in locations OFOO through 10FF. 


Load 1/0 
Mnemonic: LIO 


Op Code Q Byte Operand Address 


1 1 i 
Se kt ee ee Set 1 
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Operation: This instruction loads the two bytes of data contained in the operand addressed 
by the operand address into a local storage register specified by the Q byte. The operand is 
addressed by its low-order byte. 

The Q byte specifies the drive that is to operate in the first four bits (device address DA) 
and the local storage register to be loaded in the last three bits (N code). The M bit is not 
used. . ze 

The device address portion of the Q byte can take either of two values: A for drive 1 or 
B for drive 2. . 

The N code can specify only three values: 


An N code of 011 is reserved for CE use. 
An N code of 100 specifies the disk file data address register. 
~ An N code of 110 specifies the disk file control address register. 


Any N code other than the ones specified causes the processing unit to stop with a processor 
check and an invalid-Q-byte indication. 

A load I/O instruction issued to a busy control unit causes the program to loop on the 
load I/O instruction until the control unit is no longer busy. 

Load I/O does not set any file status conditions. 

The load I/O instruction is executed if the addressed:drive is executing a seek or recali- 
brate operation and a read, write, or scan has not been accepted or provisionally accepted. 
The load I/O instruction is executed if the addressed drive is not ready. 


ad ea 


Example: 


Instruction 


ace 


Operand 


OF 
2FBO 2FB1 


Disk File Read/Write Address Register before Operation 


20 


Disk File Read/Write Address Register after Operation - 


OF 


Test I/O and Branch 
Mnemonic: TIO 


Op Code Q Byte Operand Address 


4 4 | 


Operation: This instruction tests for the conditions specified in the Q byte. If the condi- 
tion tested for is present, the next instruction is taken from the storage address specified 
by the operand address and the address of the next sequential instruction is placed in the 
address recall register. If the condition is not present, the next sequential instruction is 
executed and the address contained in the operand address is stored in the address recall 
register. The information stored in the address recall register remains there until the next 
decimal, insert-and-test-characters, or branch instruction is executed. 

The Q byte specifies the drive to be tested and the conditions to be tested for. The device 
address (DA) portion of the Q byte specifies the drive to be tested and can take on two 
values: hexadecimal A indicating drive 1 and hexadecimal B indicating drive 2. 

The N code of the Q byte can specify testing for any of three conditions: 


1. Ncode 000 (not ready/check)—indicates that the drive is not in condition to operate 
or that a check condition has been detected. A check condition is indicated when 
either drive is addressed if the following device status is present. 


Data check 

Track condition check 

Missing address marker 

End of cylinder 

No record found 

Equipment check not caused by unsafe 

No-op a 

Overrun : . 

A check condition is also indicated if a seek check or unsafe exists for the addressed 
drive. A seek check or an unsafe for the drive not addressed will not be indicated. 
The drive that has the check condition can be determined from the status byte. 

2. Ncode 010 (busy)—control unit either is executing a read, write, or scan operation 
or has provisionally accepted one of these operations for execution at the end of the 
seek operation in progress. 

3. | Ncode 100 (scan found)—indicated when either drive is addressed. The sense byte 
indicates which drive contains the scan found condition. The scan found indication 
is reset by the next start I/O instruction. 


Any N code other than those listed causes the processing unit to come to processor check 
stop with an invalid-Q-byte indication. 

The M bit is used when addressing the second drive because it is possible that the fixed 
disk is not installed. Addressing an uninstalled fixed disk results in a not ready indication. 
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Example: 


Instruction 


co | as | io | | 


0100 0101 0102 0103 


A 


10000000 


” 
+ 
® 
+ 
Cc 
a” 
oo 
< 
~ 
o 
—b 


Instruction Address Register before Operation 


Address Recall Register before Operation 


C7 


nN 
wn 


Instruction Address Register after Operation 


Address Recall Register after Operation 


Advance Program Level 
Mnemonic: APL 


Op Code Q Byte 


t ' 


Operation: This instruction tests for the conditions specified in the Q byte. If the condi- 
tion tested for is present, the system loops on the advance program level instruction until 
the condition no longer exists. If the condition is not present, the system takes the next 
sequential instruction. 

The Q byte specifies the drive to be tested and the condition to be tested for. The device 
address (DA) portion of the Q byte specifies the drive to be tested and can assume either 
of two values: hexadecimal A indicating drive 1 or hexadecimal B indicating drive 2. 


F1 


The N code of the Q byte can test for any of the following three conditions: 


1. Ncode 000 (not ready/check)—indicates that the drive is not in condition to operate 
or that a check condition has been detected. A check is indicated when either drive 
is addressed and the following device status is present. 


Data check 
Track condition check 
Missing address marker 
End of cylinder 
No record found 
Equipment check not caused by unsafe 
No-op 
Overrun 
Check condition is also indicated if seek check or unsafe exists for the addressed 
drive. Seek check or unsafe for the drive not addressed will not be indicated. The 
drive with the check condition can be determined from the status byte. 

2. | Ncode 010 (busy)—one of the drives either is executing or has accepted provisionally 
for later execution a read, write, or scan operation. 

3. | Ncode 100 (scan found)—indicates when either drive is addressed and a scan has been 
matched in one of the drives. The sense byte indicates which drive contained the scan 
found condition. Scan found indication is reset by the next start I/O instruction. 


Any N code other than those listed causes a processor check stop with an invalid-Q-byte 
indication. 

The M bit of the Q byte is used when addressing the second drive because it is possible 
that the fixed disk is not installed. Addressing an uninstalled fixed disk results in a not 
ready indication. The third byte of the instruction is not used. 


Example: 


Instruction 


The program continues to execute this instruction until drive 1 is no longer busy. 


Sense 1/O 
Mnemonic: SNS 


OpCode QByte Operand Address 


! 
Co [omy 


Operation: This instruction causes the two bytes contained in the specified local storage 
register or the specified two bytes of status information to be transferred to the two-byte 
field in storage addressed by the operand address. The operand is addressed by the low- 
order byte. — 

The Q byte specifies the drive to be sensed and the register or status bytes to be trans- 
ferred. The device address (DA) portion of the Q byte specifies the drive to be sensed. The 
device address can be either of two hexadecimal values: A specifies drive 1, and B specifies 
drive 2. The N code specifies what is to be transferred to storage as follows: 


1. Ncode 010—status bytes 0 and 1 

2. Ncode 011—status bytes 2 and 3 

3. Ncode 100—disk file data address register 

4. Ncode 110—disk file control address register 
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Any N an other than those specified above causes a processor check stop with an invalid- 
Q-byte indication. 

The status bytes are bit significant as illustrated in Figure 5-6. The higher numbered 
status byte is stored in the low-order position of the eles An explanation of each status 
bit is provided in “Check Conditions and Status.” 

The M bit is used in this instruction to determine if the intervention required status bit 
will be set if the second drive is addressed and the fixed disk is not installed. 

The sense I/O instruction will be accepted by the file control unit no matter what other 
operations are in progress at the time. 

Some bits of the status bytes are drive sensitive to the sense I/O instruction. Equipment 
check caused by unsafe, cylinder 0, seek check, seek busy, intervention required, unsafe, 
head settling, and index are set in the status bytes only when they apply to the drive 
addressed by the sense I/O instruction. 

All remaining status bits are presented with the status bytes to a sense I/O for either 
drive. All status bits except no-op are reset by the next start I/O instruction issued to either 
drive. No-op is reset oy the sense I/O instruction to either drive that transfers it to storage. 


Example: 


Instruction 


ae Oe 


Status Bytes at File before Operation 


Operand before Operation. 


A 


A 


O5FE OSFF 


Operand after Operation 


O5FE O5FF 


Status Bytes at File after Operation 


CHECK CONDITIONS AND STATUS 
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All file check conditions as well as general status information about the file are conveyed 
to the processing unit as bits in status bytes. Each bit in each status byte has a special 
significance. 


Status Byte 0 


Bit O—No-op 


This status indicates that the last file instruction issued was not executed. It is caused by 
the selected file being unsafe or by a check condition occurring during a seek on a drive 
that has provisionally accepted a read, write, or scan instruction. This bit is reset by check 
reset, system reset, or the sense I/O instruction that transfers the bit to storage. 





[+ [nani | evn z00 [Taiwan 
3 Equipment Check Tap LineC 
iB No Record Found Head Settling 


le | Track Condition Check Status Address A | Jumpered CE Bit 
Seek Check Status Address B | Model 6 


Byte 3 is for CE diagnostic use and has no meaning to the !/O 
control program. 















Figure 5-6, File Sense Byte Information 


Bit 1—Intervention Required 


This bit indicates that the addressed drive is not ready (removable disk not installed, power 
not on, drawer not closed, etc.). Addressing drive 2 in a system with only one drive or 
addressing the fixed disk on drive 2 when only the removable disk is installed also causes 
this indication. This bit is reset by correcting the condition that causes the file to be not 
ready or by system reset. 


Bit 2—Missing Address Marker 


This bit is set on any multiple-sector operation when the first sector has been found and 

any two following sequential sectors read from the disk have identical bits in bit position 5 
of the S byte of the sector identifier read from the disk. If this condition is detected before 
the first sector is found or on a single-sector operation, it will be indicated after the control 
unit has determined that the record cannot be found on the track. This bit is also set if no 
address marker is found and index has been passed twice while looking for an address marker. 
This bit is not set if a data check is detected in one of the two identifier fields. The bit is 
reset by the next start I/O instruction. 


Bit 3—Equipment Check 


This bit indicates that the control unit has detected a hardware failure or the selected drive 
is unsafe. 


Bit 4—Data Check 


This status indicates that a cyclic check or bit count appendage check revealed an incon- 
sistency between the bits written on the disk and the bits read from the disk while reading 
the identifier or the data fields. 


Bit 5—No Record Found 


This bit indicates that the first sector called for by a read, write, or scan instruction could 
not be found on the track or that after the first sector was found one of the succeeding 
sectors in a multiple-sector operation had a sector identifier that did not match the identi- 
fier in the disk control field. This bit, after a read identifier operation, indicates that no _ 
identifier without an error was found on the track. This ‘“‘no record found’’ bit is also set 
by a track condition check. 
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Bit 6—Track Condition Check 


This bit indicates that bits 6 and 7 of the flag byte in the disk control field do not match 
bits 6 and 7 of the flag byte on the track in a read, write, or scan operation. 


Bit 7—Seek Check 


_ This bit is set when the control unit detects a seek error or an attempt is made to seek to a 


cylinder outside the capacity of the files installed. 
Byte 1 


Bit O—Scan Equal Hit 


This bit indicates that equal condition has been satisfied whenever a scan instruction is 
executed. 


Bit 1—Cylinder O 


This bit indicates that the selected drive’s access mechanism is positioned at cylinder 0. 


Bit 2—End of Cylinder 

This bit turns on when a multiple-sector operation specifies a sector count greater than the 
number of sectors available between the first sector specified and the end of the cylinder. 
All sectors up to and including the last one on the cylinder were successfully processed. 
This can occur if head 1 addresses are written by head O and an attempt is made to read 
beyond the end of the track (switch heads). This can occur on alternate tracks. 


Bit 3—Seek Busy 
This bit indicates that the drive addressed by the sense I/O instruction is seeking. 


Bit 4—100 Cylinder 


This bit indicates that the drive installed in the system has one hundred cylinders available 
to the customer. 


Bit 5—Overrun 


This bit is set when the processing unit fails to allow a cycle steal to the file unit in time to 
transfer data before it is lost. This status occurs during processor check stop in the process- 
ing unit that stops the processing unit clock or by a disk defect that causes noise to interfere 
with correct read timing. 


Bits 6 and 7—Status Address A and Status Address B 


These two bits indicate the drive that was specified in the last read, write, or scan instruc- 
tion. This provides the number of the drive that pertains to attachment-dependent status 
bits. When both bits are 0, drive 1 is specified. When bit 7 is 1, drive 2 is specified. This 
address is reset when a start I/O instruction is accepted by either drive. 


Byte 2 


Bit O—Unsafe 
This bit indicates that one of the following checks has been detected by the file: 


1. Read and write are selected together. 

2. Write is selected and both head 0 and head 1 are selected or both the fixed and 
removable disks are selected. . 

Write is selected but the write circuits are not operating. 

Write is not selected but the write circuits are operating. 

5. Drive is accessing and the write circuits are operating. 


ae 


Unsafe also causes equipment check and must have a unique program halt indicator. 


Bits 1, 2, and 3—Tap Lines A, B, and C 


These three bits are used by CE diagnostic programs and have no meaning to the I/O 
control program. 


Bit 4—Index 


This bit is active only during the time the index mark passes a sensing head. The duration 
is approximately 43 microseconds. 


- Bit 5—Head Settling 
This bit indicates that a head settling operation is occurring following a seek operation. 


Bit 6—CE Sense Bit 
This bit can be used by the CE in diagnostic programs. 


Bit 7—Model 6 


This line will always be active on this system. 
Byte 3 


Bits 0-7-CE Sense Bits 


These bits are for CE diagnostic use and have no meaning to the I/O control program. 
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FLAGGING 


Defective recording areas are handled by track flagging. The flagging procedure included in 
the file is used to identify defective tracks and their alternates. Alternate tracks can be 
assigned under program control at the time that a track in cylinders 4 to 202 is found to be 
defective. Cylinders 1 to 3 are provided for assignment as alternate tracks. 

The flagging procedure uses flag byte bits 6 and 7 of each sector identifier recorded on 
the file. Bit 6 alone indicates that the track is defective, and bit 7 alone indicates that the 
track is an alternate. When both bits equal 0, the track is an original good track. Both bits 
set to 1 indicates a defective alternate track. A defective track on cylinder O will require 
disk repair. 

A track with a bad spot is marked defective and an alternate track assigned to replace the 
whole track. When a track is found to be defective, a write identifier operation must be 
performed on its corresponding alternate track to write the flag bytes with bit 7 equal to 
1 and the C and S bytes of the identifiers from the defective track. Then the recoverable 
data from the defective track must be written on the corresponding sectors of the alternate 
track. Finally the defective track must be written with a write identifier operation to write 
flag bytes with bit 6 equal to 1 and the C and S bytes of the identifiers from the alternate 
track on the defective track. A defective alternate track should be rewritten with a write 
identifier operation to write flag bytes with both bits 6 and 7 equal to | and the C and S 
bytes to contain their own original addresses. 

When bits 6 and 7 of the F byte in storage and the F byte on the disk do not agree, 
track condition check is set as the device status. Track condition check causes an error 
indication to test-I/O-and-branch or advance-program-level instructions that test not 
ready/check. 

The identifier fields of the tracks are: 


1. | Good—bits 6 and 7 of the F byte are both 0 and the C and S bytes contain the cyl- 
inder, head, and sector numbers that are correct for that track. 

2. Defective—bit 6 is 1 and bit 7 is O in the F byte. The C and S bytes contain the cyl- 
inder, head, and sector address from the alternate track. 

3.  Alternate—bit 6 is O and bit 7 is 1 in the F byte. The C and S bytes contain the cylinder, 
head, and sector addresses from the defective track. 

4. Defective Alternate—bits 6 and 7 of the F byte are both 1. The C and S bytes contain 
the cylinder, head, and sector addresses of the respective sectors. 


TRACK INITIALIZATION PROCEDURES 
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The following procedures must be followed by track initialization programs for the 5444 
disk file. They analyze the condition of the surface and format the tracks. 


1. Read identifier to determine that the track has not been previously flagged. This 
_ Step need not be performed when initializing a previously unused disk. 
2. Write identifier with a data field of hexadecimal 55. The flag bytes for tracks . 
1, 2, and 3 should be written as hexadecimal 01. 

3. .Verify all the sectors to insure that data can be recovered correctly. If an error occurs 

go to step 10. 

Repeat step 2 with a data field of hexadecimal 00. 

Repeat step 3. 

Seek to the next track and repeat steps 1 through S. 

Repeat steps 2 through 6 until all tracks have been processed. - 

_Read identifier on all tracks to check for seek errors. During this operation, if a seek 
error on a writing operation is detected, initialization must repeat steps 2 through 7. 
A seek error on the writing operation causes two different tracks to contain the same 
identifiers or the identifiers for one track to be missing. 

9. Perform steps 1 through 8 at least once. 


oy 


11. 


12. 


13. 


14. 
15. 


16. 


If an error occurs, the device status must be analyzed. If a missing address marker or 
data check occurs, retry a verify instruction at least 10 times. On the first unsuccess- 
ful retry that indicates missing address marker or data check, flag the track as defec- 
tive and go to step 11. If all 10 retries are successful, proceed with the initialization 
procedure from the point at which it was interrupted. . 

For any error other than missing address marker or data check, follow the suggested 
error recovery procedures. 
Assign an alternate track. 
Write identifier on the defective track with the address of the alternate track in the 
identifier and a hexadecimal value of 02 in the flag byte. A defective alternate track 
should contain its own address and a hexadecimal value of 03 in the flag byte. 
Set the flag byte in the disk control field to hexadecimal 02. Perform a read identi- 
fier operation. If the address of the alternate track is not recoverable, the disk must 
be repaired unless this is an alternate track. 
Seek to the alternate track. 
Set the flag byte in the disk control field to hexadecimal 01. Write identifier on the 
alternate track with the identifier of the defective track in the disk control field. 
Alternate tracks must be proved reliable by steps 2 through 5 before they are used as 
alternates. 
Continue with initialization on the next track. 


The basic requirement is for one pass through steps 1 through 8. An option must be pro- 
vided to allow any number of passes up to 255. 
No program should change the flagging of previously flagged tracks except as follows: 


1. 


Initialization programs must have additional capabilities. 

a. The option to ignore all previously flagged tracks. 

b. The option to unconditionally flag or unflag any individual track. 

Operating programs that have provision for dynamic flagging must perform steps 
11 through 15 of this procedure. 


SUGGESTED ERROR RECOVERY PROCEDURES (FILE AND ATTACHMENT) 


Minimum error recovery procedures are defined for the file and attachment in this section. 

Error conditions are indicated as a response to a test I/O and branch or advance program 

level command. The following table specifies the indicators to be tested, and the priority 

or order in which they should be tested. For example, priority 1 (error/not ready) should 

be tested before any other indicator. The action column in the following table relates to 
Figure 5-7. The action to be taken is that action which should follow the failure of a 

start I/O instruction. 


Device Status 


Priority Byte Bit . Condition : Action 

l ~’ Error/not ready Il 

2 .0 | 3. Equipment check I] 

3 - 0 1 Intervention required _—*V'III 
4 0 5 _ No record found IV 

5 0 2. Missing address marker IV 

6, 07 4 Data check | IV 

oa 0 6 Track condition check IV 
8 1 5 Overrun IV 

9 0 ) Seek check VI 

1 1 2 


End of cylinder V 


IBM 5444 Disk Storage Drive 5-23 


5-24 


PAG 


tf there is no additional error recovery procedure, perform an operator message and stop. 
If there is an additional recovery procedure, exit to it. 
if the additional error recovery procedure fails, perform an operator message and stop. 


— Action I! 


Retry the original operation or sequence of operations once. On the second occurrence 
of this error, do Action 1. 


ne Action if 


= Perform a sense !/O command and check the conditions as indicated. 
_— Action |V 


Perform a read 1D command. If there is an error, do Action VH for the original operation. 


Check to determine if positioned on correct track. !f on correct track, do Action VII for 
the original operation. 


Check to determine if head switching from an alternate track has just taken place. If 
switching has taken place, set flag byte to hex 00, determine next track, and do Action V2. 


Check to determine if present track is defective (flag byte from read ID is hex 02). If track 
is defective, set flag to hex 01, determine alternate track from 1D sealed and do Action V2. 


Do Action VI}. 


oA aiccesecincceuenprententt cree 


Decrease original number of sectors by the number of sectors successfully completed. 
Calculate new sector address, new data address, and new track. 


Seek to desired track. 
Retry operation on new track for the proper number of sectors. 
I a apr rennet Hon ree 
Issue a -ccalibesie: 
Seek to the original track. 
Do Action VII, if the original action was not a seek. 


If the error persists repeat steps 1-3 sixteen times. After sixteen unsuccessful reseeks, do 
Action 1. 


If original operation was a verify-of-a-write or a write, repeat the original sequence eight 
times. After eight unsuccessful retries, do Action |. 


if original operation was not a verify-of-a-write or a write, repeat the original operation 
_ sixteen times. 


\f error persists do Action VI. After sixteen unsuccessful retries of Actions VI and VII, 
do Action |. 


ee Action VII] 


Perform an operator message and stop. After restart (push start), repeat the original 
Operation or sequence of operations. 





Figure 5-7, Error Recovery Actions 


Chapter 6. IBM 5496 Data Recorder 


The IBM 5496 Data Recorder Model 1 with the On-Line Reader/Punch Feature for 
System/3 Model 6 (Figure 6-1) operates on-line with the system to provide card 

input and output functions. The data recorder is connected to the system by a 

cable and can read or punch and print cards at a rate of 22 cards per minute. Reading 
and punching are under control of the system program. Printing is under control of the 
print switch on the data recorder. Only data that has been punched by the program can 
be printed. 

Data is entered in the cards in the six bit card code. This code is illustrated in 
“Appendix B’’. 

Operation of the data recorder is controlled by the data recorder switch on the keyboard- 
console. When the data recorder switch is in the on-line position, the data recorder is under 
the control of the system program. When the data recorder switch is in the off-line position, 
the data recorder functions as a normal off-line data recorder. 


DATA RECORDER KEYS AND INDICATORS 


Certain keys and indicators on the data recorder function in the on-line condition as well 
as when the data recorder is being used off line. 
Release Key 


The release key on the data recorder keyboard can be used when the data recorder is on 
line for clearing hopper jams and transport jams. 
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Figure 6-1. IBM 5496 Data Recorder Model 1 
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Power Switch and Indicators 


The power switch is used for applying power to the data recorder. When this power switch 
is turned on, the machine is ready for immediate use. The column indicators on the data 
recorder indicate the next column of data to be read or punched. These indicators also pro- 
vide a visual indication that the power switch is on. 


Stacker Full Indicator 


This lamp turns on when the stacker is full. The lamp turns off when cards are removed 
from the stacker and the release key is pressed. 


Feed Check Indicator 


The feed check lamp indicates a card misfeed or a card jam. The indicator is turned off 
when the data recorder transport is cleared and the release key is pressed. 


Print Switch 


This switch is used to control printing on the card. When the switch is on, any data that 


’ is punched into the card from the system will be printed on the cards. 


Program Switch 


This switch must be in the off position when the data recorder is used on line. 


Auto Record Release Switch 


This switch must be in the auto position when operating the data recorder on line. 


Punch/Verify Switch 


This switch must be in the punch position when operating the data recorder on line. 


DATA RECORDER CONTROLS ON THE KEYBOARD-CONSOLE 


One control and one indicator for the data recorder are mounted on the system keyboard- 
console. The data recorder switch has been discussed. The indicator is the data recorder 
I/O attention indicator. This indicator is turned on by: 


1. A feed check in the data recorder 
2. Issuing a start I/O command to the data recorder when the data recorder switch is 
in the off-line position. 


An I/O attention indication caused by a feed check can be corrected by clearing the 
data recorder transport and pressing the data recorder release key. An I/O attention caused 
by issuing a data recorder start I/O command with the data recorder off line can be cor- 
rected by system reset or by moving the data recorder switch to the on-line position.. 


DATA RECORDER OPERATIONS 


Card Reading 


This operation is used to read data from cards into the processing unit. Data is read from 
the cards into the data recorder and then is transferred to the processing unit by cycle 
stealing. Data enters storage in character format with the character from column 1 
entering the storage location addressed by the data recorder address register at the time 
that the read command is issued. Data from successively higher columns is entered in 
successively higher storage addresses. Ninety-six columns of data will enter storage from 
all read operations. When a read instruction is issued to the data recorder, the data re- 


_ corder becomes busy and remains busy, if no jams occur, until after the card is read and 


all jam checks are completed. If a jam occurs in the hopper, the card is neither read nor 
punched and busy ends as soon as the jam is detected. 

If a jam occurs in the transport, invalid data has possibly been transferred to processing 
unit storage. The data recorder becomes not busy as soon as the jam is detected. 

To obtain rated throughput, read commands succeeding either read or punch commands 
must be issued within 50 milliseconds after the data recorder becomes not busy after 
executing the previous command. 

When reading cards, the read information should be checked to determine whether the 
card is a data file delimiter. A data file delimiter card, such as /* or a card punched with 
the words READ KEY, should always follow the cards containing the read information. 


Punching Operations 


This operation is begun by a start I/O instruction. If the print switch is turned on, any 
data that is punched into the card will be printed on the card. The punch operation takes 
data from 96 storage locations in the processing unit and transfers it to the data recorder. 
When all the data has been transferred to the data recorder, the data recorder feeds a card 
and punches the data. The data is located in storage with column 1 at the address contained 
in the data recorder address register. Ninety-six bytes of data are always transferred to the 
data recorder. For a punch operation, the data recorder becomes busy when the punch 
command is issued and becomes not busy, if no jams occur, after the card is punched and 
all jam checks are completed. If a transport jam occurs, invalid data may have been 
punched. The data recorder becomes not busy as soon as the jam has been detected. To 
obtain rated throughput, the punch command succeeding a read or punch command must 
be issued within 50 milliseconds after the data recorder becomes not busy from the pre- 
ceding command. 


DATA RECORDER INSTRUCTIONS 


Start 1/O 
Mnemonic: SIO 


Op Code Q Byte Control Code 


Ce lee 
| ' 
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Operation: The data recorder performs the read or punch operation specified by the Q 
byte. Data to be transferred between the processing unit and the data recorder is addressed 
by the data recorder address register beginning with the data to be transferred to or from 
column 1. 

The Q byte comprises a device address (always F for the data recorder) in the high-order 
four bits, an M bit of 0 and an N code. The N code is in bits 5, 6, and 7. For the data 
recorder, N code bit 5 is not used and should be 0. Bits 6 and 7 control the operation to 
be performed by the data recorder. When bit 6 is 0 and bit 7 is 1, the operation to be per- 
formed is read a card. When bit 6 is 1 and bit 7 is 0, the operation to be performed is 
punch a card (and print if the printing switch is on). The control code byte is not used 
by the data recorder and should be all zeros. 

If a start I/O instruction is issued to the data recorder when the data recorder is on line 
and busy, the program loops on the start I/O instruction until the data recorder becomes 
not busy. 


Test !/O and Branch 


Mnemonic: TIO 
OpCode QByte Branch to Address 


Co es ate 


{1 
[ee ea at 


Operation: The data recorder is tested for the conditions specified by the Q byte. If the 
condition exists, the next instruction is taken from the branch-to address and the address of 
the next sequential instruction is placed in the address recall register. If the condition does 
not exist, the next instruction is taken from the next sequential instruction and the branch- 
to address is placed in the address recall register. The address recall register will not then be 
changed until a decimal, branch, or insert-and-test-characters instruction is executed. 

The Q byte comprises a device address (always F for the data recorder) in the high-order 
four bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 are not used for this 
instruction but should be zero. Bit 6 specifies what condition will be tested for the branch. 
If bit 6 equals 0, the I/O check or not ready conditions will be tested. If bit 6 equals 1, 
busy condition will be tested. The data recorder will always accept a test I/O and branch 
instruction. 


Advance Program Level 
Mnemonic: APL 


Op Code OQByte 


tj 


Operation: The data recorder is tested for the condition specified by the Q byte. If the 
condition exists, the program loops on the advance program level instruction until the 
condition no longer exists, then takes the next sequential instruction. If the condition 
does not exist, the program takes the next sequential instruction. 

The Q byte comprises a device address (always F for the data recorder) in the high- 
order four bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 of the N code 
are not used and should always be zero. Bit 6 specifies the condition to be tested. If bit 
6 equals 0, the data recorder is tested for I/O check or not ready. If bit 6 equals 1, the data 
recorder is checked for busy. 


Program Note: Advance program level should not be used to check for I/O check or not 
ready. If this condition is present, the program enters a one-instruction loop with no indica- 
tion to the operator that the program is not progressing as it should. 


- Load 1/0 


Mnemonic: LIO 


Op Code QByte Operand Address 


ial) se fs ae | 
a aC 


Operation: This instruction causes the two bytes of data located at the operand address 
and the next lower storage address to be loaded into the data recorder address register. 
The operand is addressed by its rightmost byte. 

The Q byte comprises the device address (always F for the data recorder) in the high- 
order four bits, an M bit of 0, and an N code. In this instruction the N code is not used 
and should always be zero. 

If the data recorder is busy when the load I/O instruction is executed, the program will 
loop on the load I/O instruction until the data recorder is not busy. If the data recorder 
is not ready or an I/O check occurs when the load I/O instruction is issued, the load I/O 
instruction will execute and the program will proceed to the next sequential instruction. 
When the data recorder is not busy and ready, the load I/O instruction will also be exe- 
cuted. 


Sense 1/O 


Mnemonic: SNS 


Op Code QByte Operand = Address 
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Operation: The data specified by the Q byte is loaded into the two-byte field in storage 
addressed by the operand address. The operand is addressed by its rightmost byte. 

The Q byte comprises a device address (always F for the data recorder) in the high-order 
four bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 do not enter into 
the operation and should be zero. Bit 6 specifies the data that is to be loaded into the storage 
locations. When bit 6 equals 0, the contents of the data recorder address register are 
loaded into the storage locations specified by the operand address. When bit 6 equals 1, 
two status bytes are loaded into storage. 

Byte 2 (high-order byte) of the status bytes is a diagnostic byte and is of no interest to 
the problem programmer. Status byte 1 (the low-order status byte stored in the operand 
address) is bit significant as follows: 


Bit Meaning 
Off line 
Transport jam 
Stacker full, hopper empty, or hopper jam 
Not used 
Incorrect card code 
Compare error on read or punch I/O cycle, or failure to take read cycle steal 
cycles oe, 
0 = 129 attached to system 
1 = 5496 attached to system 
7 Reserved 
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Off line is caused by any one of the following: 


The data recorder switch on the keyboard-console is in the off-line position. 

2. The program switch on the 5496 operator console is in the on position, and the data 
recorder switch on the keyboard-console is in the on-line position. 

3. The auto record release switch on the 5496 operator console is off, and the data 
recorder switch on the keyboard-console is in the on-line position. 

4. The punch/verify switch is in the verify position, and the data recorder switch on 

the keyboard-console is in the on-line position. 


— 
. 


Hopper jam or hopper empty is reset when the hopper is cleared, cards are placed in the 
hopper, and the release key on the data recorder is pressed. 

Transport jam is reset when the jam is cleared and the release key on the data recorder 
is pressed. . 

Stacker full is removed when cards are taken from the stacker and the release key is 
pressed. Stacker full causes a not ready condition only when the data recorder is busy. 

If a command is issued to the data recorder when the stacker is full, the command will 
be accepted and executed, then the data recorder will become not ready for any further 
commands. | 

The incorrect card code status bit is set during a punch-a-card command if a byte not 
shown in “Appendix B” as a preferred card code graphic is sent to the data recorder. Data, 
as shown in “‘Appendix B,” will be punched in the card. The data will be printed on the 
card if the print switch is on. The command will be completed. There may not be an 
error, depending on the program, so the status bit is set. The status bit is reset by the next 
start I/O instruction or by system reset. 

Compare error on a read or punch I/O cycle occurs under the following conditions. On 
punch operations, the data transferred from storage to the data recorder is read back from 
the data recorder to the data recorder attachment and compared with the data sent from 
storage. On a read operation, the data sent from the data recorder to storage is read back 
from the attachment to the data recorder and compared with the data read from the card. 
If the data being transferred between the data recorder and storage does not match the 
read-back data in either of these operations, the compare error occurs. This error sets a 
status bit. The status bit is reset by either the next start I/O instruction or by system re- 
set. 


ERROR RECOVERY PROCEDURES 


The following error recovery procedures are used during punching or reading cards on the 
data recorder: 


Compare Error on Read or Punch I/O Cycle 


This error indicates that incorrect data was punched into the card. This error should have | 
its own unique halt indicator. The card must be removed from the stacker and either 
replaced in the hopper (if reading) or discarded (if punching) and the command must be 
retried. 


Incorrect Card Code 


This may or may not be an error depending upon the program. If it is an error, the card 
contains incorrect data. The card must be removed from the stacker and examined to 
determine what column contains the incorrect data; then the operation should be retried. 


Transport Jam 


To recover from a transport jam, clear the jam, reissue the command in which the jam 
occurred, and press the release key. This procedure will recover from a single card jam. 

If a jam involves more than one card, the job should be restarted. If a transport jam 
occurred during card reading and the card is damaged, a new card can be repunched. Move 
the data recorder switch on the keyboard-console to OFF LINE without first depressing 
the release key. Press the release key insert a blank card, and punch a new card in the 
off-line card punch mode. Insert the new card in front of the hopper; turn the data 
recorder switch on the keyboard-console to ON LINE; press the release key. 
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Chapter 7. IBM 129 Card Data Recorder 


The IBM 129 Card Data Recorder Models 1, 2, and 3 with the Card Input/Output Feature 
operates on line with the System/3 to provide the system with 80-column card input and 
output in IBM 80-column card code. The 129 is connected to the system by a cable. It 
can read cards at a rate of up to 50 cards per minute or punch and print cards at a rate 

of 12 to 50 cards per minute depending on the number of consecutive blank columns in 
the card. Reading and punching are under control of the system program. Printing is 
under control of the print switch on the card data recorder. Only data that has been 
punched by the program can be printed. 

Data is entered in the cards in the 12-bit IBM 80-column card code. Data read from the 
card enters storage in EBCDIC. Only 64 card codes are readable when the 129 is on line. 
The codes that are readable and their corresponding EBCDIC values are shown in “‘Appen- 
dix B.”’ All EBCDIC values cause some character to be punched into the card, but not 
necessarily the desired value. The codes punched in the card for each EBCDIC value are 
shown in “Appendix B.” 

Operation of the card data recorder is controlled by the data recorder switch on the 
keyboard-console. When the data recorder switch is in the on-line position, the 129 is 
under control of the system program. When the switch is in the off-line position, the 129 
functions as a normal off-line data recorder. 


129 CARD DATA RECORDER SWITCHES AND INDICATORS 


Certain switches and indicators on the card data recorder function in the on-line condi- 
tion as well as when the card data recorder is being used off line. 


Verify Reset Key 


The verify reset key on the 129 keyboard is used to clear the following conditions when 
the 129 is on line: transport jam, hopper jam, hopper empty, and stacker full. 


Power Switch and Indicators 


The power switch applies power to the card data recorder. When this switch is turned on, 
the machine is ready for immediate use unless the data recorder switch on the keyboard- 
console is in the on-line position. Turning on the power switch when the 129 is in on-line 
mode causes a transport jam condition. Transport jam is corrected by clearing the trans- 
port of cards, pressing the feed key twice, and pressing the verify reset key. A column 
indicator on the 129 provides a visual indication that the power switch is on. 


Card Data Retorder Column Indicator 


In addition to the power-on indication, the column indicator signals the following error 
conditions: 


1. If a transport jam occurs, the column indicator contains 8A. 
(2. ‘Ifa hopper jam, hopper empty, or stacker full condition occurs, the column indica- 
tor contains 88. 


Print Switch 


This switch controls printing on the card. When the switch is on, any data that is punched 
into the card from the system will be printed on the card. 
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Punch/Verify Switch 


This switch must be in the punch position when the 129 is used on line. 


Program Rotary Switch 


x 


This switch must be in the data read position when the 129 is used on line. 


-Record: Advance/Card Feed Switch 


This switch must be in the auto position when operating the 129 on line. 


DATA RECORDER CONTROLS ON THE 5406 KEYBOARD-CONSOLE 


One control and one indicator for the data recorder are mounted on the system keyboard- 
console. The data recorder switch has been discussed. The data recorder I/O attention 
indicator is turned on by: 


1.. A transport jam in the 129. 
2. Issuing a start I/O command to the 129 when the 129 is not ready. Not ready is 
- caused by an erroneous switch setting on the 129 or by the data recorder switch on, 
the keyboard-console being in the off-line position. 


_An/I/O attention indication caused by a transport jam can be corrected by clearing the 
card data recorder transport and pressing the card data recorder verify reset key. An I/O 

attention caused by issuing a card data recorder start I/O command with the 129 off line 
or not ready can be corrected by moving the data recorder switch to the on-line position, 
by correcting the switch settings on the 129, or by a system reset. 


CARD DATA RECORDER OPERATIONS 


Before any card data recorder operations can be performed, cards must be in both the 
register and preregister stations on the unit. This occurs when the feed key is pressed and 
held until the first card is fed and registered and the second card is fed to the preregister 
station. 


Card Reading 

Card reading is begun by a start I/O instruction. This operation reads data from cards into 
the processing unit. Data is read from the cards into the card data recorder and then is 
transferred to the processing unit by cycle stealing. Data enters storage in character format 
with the character from column 1 entering the storage location addressed by the data re- 
corder address register at the time that the read command is issued. Data from successively 
higher columns is entered in successively higher storage addresses. Eighty columns of data 
will enter storage from all read operations. When a read instruction is issued to the card | 
data recorder, it becomes busy and remains busy, if no jams occur, until after the card is 
read and all jam checks are completed. If a hopper jam, hopper empty, or stacker full 
condition occurs, the card is neither read nor punched. When the condition is corrected 
and the verify reset key is pressed, the card is read or punched. 

If a jam occurs in the transport, invalid data has possibly been transferred to main 
storage. The 129 becomes not busy as soon as the jam is detected. 

To obtain rated throughput, read commands succeeding either read or punch commands 
must be issued within 105 milliseconds after the unit becomes not busy after executing 
the previous command. 

When reading cards, the read information should be checked to determine whether the 
card is a data file delimiter. A data file delimiter card, such as /*, or a card punched with 
the words READ KEY, should always follow the cards containing the read information. 


Punching Operations 


' Card punching is begun by a start I/O instruction. If the print switch is turned on, any data 
that is punched into the card will be printed on the card. The punch operation takes data 
from 80 storage locations in the processing unit and transfers it to the card data recorder. 
When all the data has been transferred to the card data recorder, it punches the data. The 
data is located in main storage with column | at the address contained in the data recorder 

address register. Eighty bytes of data are always transferred to the card data recorder. 

For punch operations, the 129 becomes busy when the punch command is issued; it 
becomes not busy after the card is punched and all jam checks are completed, unless a 
jam occurs. If a transport jam occurs, invalid data may have been punched. The data re- 
corder becomes not busy as soon as the jam has been detected. 

To obtain rated throughput, the punch command must be issued within 105 milliseconds 
of the time the 129 becomes not busy from the preceding read or punch command. When 
two or more successive columns are not punched (there are blanks in main storage for 
those column positions), the card is transported at read speed until a nonblank column is 
encountered. 


129 CARD DATA RECORDER INSTRUCTIONS 
Start 1/O 


Mnemonic: SIO 


Op Code QByte Control Code 


Operation: The card data recorder performs the read or punch operation specified by 
the Q byte. Data to be transferred between the processing unit and the 129 is addressed 
by the data recorder address register beginning with the data to be transferred to or from 
column 1. 

The Q byte comprises a device address (always F for the 129) in the high-order four bits, 
an M bit of 0, and an N code. The N code is in bits 5, 6, and 7. For the 129, N code bit 5 
is not used and should be 0. Bits 6 and 7 control the operation to be performed by the card 
data recorder. When bit 6 is 0 and bit 7 is 1, a card read operation is performed. When bit. 
6 is 1 and bit 7 is 0, a card punch operation (and print if the printing switch is on) is per- 
formed. The control code byte is not used by the 129 and should be all zeros. 

If a start I/O instruction is issued to the 129:-when it is on line and busy, the program 
loops on the start I/O instruction until the 129 becomes not busy. 


Test 1/0 and Branch 


Mnemonic: TIO 


Op Code. QByte Branch to Address 
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Operation: The card data recorder is tested for the condition specified by the Q byte. If 
the condition exists, the next instruction is taken from the branch-to address, and the 
address of the next sequential instruction is placed in the address recall register. If the 
condition does not exist, the next instruction is taken from the next sequential instruction 
and the branch-to address is placed in the address recall register. This register will not then 
be changed until a decimal, branch, or insert-and-test-characters instruction is executed. 
The Q byte comprises a device address (always F for the 129) in the high-order four 
bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 are not used for this 
instruction but should be 0. Bit 6 specifies what condition will be tested for the branch. 
If bit 6 equals 0, the I/O check or not ready condition will be tested. If bit 6 equals 1, the 
busy condition will be tested. The 129 will always accept a test I/O and branch instruction. 


Advance Program Level 


Mnemonic: APL 


OpCode OQByte 


Operation: The card data recorder is tested for the condition specified by the Q byte. If 
the condition exists, the program loops on the advance program level instruction until 
the condition no longer exists, then takes the next sequential instruction. If the condition 
does not exist, the program takes the next sequential instruction. 

The Q byte comprises a device address (always F for the 129) in the high-order four 
bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 of the N code are not 
used and should always be 0. Bit 6 specifies the condition to be tested. If bit 6 equals 0, 
the 129 is tested for the I/O check or not ready condition. If bit 6 equals 1, the 129 is 
checked for the busy condition. 


Program Note: Advance program level should not be used to test for I/O check or not 
ready. If this condition is present, the program enters a one-instruction loop with no indi- 
cation to the operator that the program is not progressing as it should. 


Load 1/O 


Mnemonic: LIO 


' OpCode QByte Operand Address 
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Operation: This instruction causes the two bytes of data located at the operand address 
and the next lower storage address to be loaded into the data recorder address register. 
The operand is addressed by its rightmost byte. 

The Q byte comprises the device address (always F for the 129) in the high-order four 
bits, an M bit of 0, and an N code. In this instruction the N code is not used and should 
always be 0. 

If the 129 is busy when the load I/O instruction is executed, the program will loop on 
the load I/O instruction until the 129 is not busy. If the 129 is not ready or an I/O check 
occurs when the load I/O instruction is issued, the load I/O instruction will execute and the 
program will proceed to the next sequential instruction. When the 129 is not busy and ready, 
the load I/O instruction will also be executed. 


Sense 1/O 


Mnemonic: SNS 


OpCode OQByte Operand Address - 
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Operation: The data specified by the Q byte is loaded into the two-byte field in storage 
addressed by the operand address. The operand is addressed. by its rightmost byte. 

The Q byte comprises a device address (always F for the 129) in the high-order four 
bits, an M bit of 0, and an N code in bits 5, 6, and 7. Bits 5 and 7 do not enter into the 
operation and should be 0. Bit 6 specifies the data that is to be loaded into the storage 
locations. When bit 6 equals 0, the contents of the data recorder address register are 
loaded into the storage locations specified by the operand address. When bit 6 equals 1, 
two status bytes are loaded into storage. 

Byte 2 (high-order byte) of the status Bytes is a diagnostic byte and is of no interest to 
the problem programmer. 

Status byte 1, (the low-order status byte stored in the operand address) is bit significant 
as follows: . 


Bit Meaning 


Off line 

Transport jam 

Stacker full, hopper empty, or hopper jam 

Not used 

Incorrect card code 

Compare error on read or punch I/O cycle 
; = 129 attached to the system 

1 = 5496 attached to the system 

Reserved 
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An off-line condition is caused by any one of the following: 


1 The data recorder switch on the keyboard-console is in the off-line position. 
2 The punch/verify switch on the 129 keyboard is not in the punch- position. 
3. The program switch on the 129 keyboard is not in the read data position. 

4 The record advance switch on the 129 keyboard is in the manual position. 


Hopper jam or hopper empty is reset when the hopper is cleared, cards are placed in the 
hopper, the feed key is pressed twice, and-the verify reset key is pressed. 

Transport jam is reset when the jam is removed from the transport, the feed key is 
‘pressed twice, and the verify reset key is pressed. 

Stacker full is reset by removing the cards from the stacker, pressing the feed key, and 
pressing the verify reset key. 

The incorrect card code status bit is set during a punch-a-card command if a byte not 
shown in “Appendix B” as a preferred card code graphic is sent to the 129. Data, as shown 
~ in “Appendix B,”’ will be punched in the card and printed if the print switch is on. The 
command will be completed. There may not be an error, depending on the program, so the 
status bit is set. The status bit is reset by the next start I/O instruction or by a system reset. 

Compare error on a read or punch I/O cycle occurs under the following conditions: 


1. | On punch operations, the data transferred from main storage to the 129 is read back 
from the 129 to the card data recorder attachment and compared with the data 
sent from main storage. 

2. Ona read operation, the data sent from the 129 to main storage is read back from 
the attachment to the 129 and compared with the data read from the card. 
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If the data being transferred between the 129 and main storage does not match the 
read-back data in either of these operations, the compare error occurs. This error also occurs 
if any combination of punches not in the standard 64-character set is read from the card. 
The 64-character set and the punch combinations that produce each character are shown 
in ‘Appendix B.”’ This error sets a status bit (bit 5) that is reset by either the next start 
I/O instruction or by a system reset. 


129 ERROR RECOVERY PROCEDURES 
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The following error recovery procedures are used during punching or reading cards on the 
card data recorder. 


Compare Error on Read or Punch Cycle 


This error indicates that incorrect data may have been punched or read. It should have 

its own unique halt indicator. If this error occurs during a read operation, it indicates 
either that the card was read incorrectly or that characters outside the 64-character 
EBCDIC set are punched in the card. Remove the last card in the stacker and use the clear 
switch to remove any cards in the transport. In read mode, check the cards for incorrect 
characters and place the correct cards in correct sequence in the hopper. In punch mode, 
discard the incorrectly punched card. Press the feed key twice, then retry the command. 


Incorrect Card Code 


This may be an error depending upon the program. If it is an error, the card contains in- 
correct data. Remove the card from the stacker and retry the operation. 


Transport Jam 
A transport jam during or after punching should be cleared as follows: 


1. | Remove the cards from the transport and the register and preregister stations. 
Discard the last card punched. 
Return the unpunched and undamaged cards to the hopper. 
’ Press the feed key twice. 
Press the verify reset key. 
Retry the operation. 
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A transport jam during or after reading a card is cleared as follows: 


1. | Remove the cards from the transport and the registration and preregistration 
stations. 

2. Replace the last card read and the cards from the registration and preregistration 
stations in the hopper in proper order. 

3. Press the feed key twice. 

Press the verify reset key. 

5. Retry the operation. 


- 


If a transport jam or hopper jam occurs during reading, and the card is damaged, a new 
card can be punched as follows: 


1. Move the keyboard-console data recorder switch to OFF LINE. 

2. Clear the 129 transport, register station, and preregister station by operating the 

clear switch. 

Punch the new card in the normal manner with the 129 off line. 

4. Place the new card and the cards from the register and preregister stations in the 
hopper in proper order. 


ae 


5. Press the feed key twice. 


6. | Move the keyboard-console data recorder switch to ON LINE. 
7. Press the verify reset key and retry the read operation. 


Chapter 8. IBM 2265 Display Station Model 2 
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The 2265 Display Station Model 2 (Figure 8-1) displays alphameric characters on a screen 
similar to that of a television set. 960 characters can be displayed in 15 lines of 64 charac- 
ters per line. A character position marker called a cursor indicates the position the next 
character entered into the display area will occupy on the screen. The display of charac- 
ters on the screen of the display station is under control of the system program. 


Display Unit Manual Controls and Indicators 


Two controls on the display unit itself and one switch and one indicator on the keyboard- 
console are used for controlling the display unit. The controls on the display unit are a 
power on-off switch, which controls the primary power to the display unit, and a charac- 
ter brightness control, which controls the brightness of the display. The system reset 
switch on the keyboard-console causes the display unit to stop displaying and resets the 
display unit to its initial state. A CRT I/O attention indicator on the keyboard-console 
indicates that operator attention is required if an I/O instruction is issued to the display 
unit when the display unit power switch is off. 
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Figure 8-1. IBM 2265 Display Station Model 2 
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DISPLAY UNIT OPERATIONS 


The display unit performs just one function, that of displaying data stored in main storage. 
This display of data is initiated by a start I/O instruction and is stopped by a start I/O. 
instruction. Issuing a start I/O instruction to the display unit causes the display unit to dis- 
play the contents of a 960-byte area of storage. This 960-position block of storage must be 
located at an address of XXO1, where X is any hexadecimal digit valid for that particular 
system as a high-order hexadecimal address digit, and where (XX01 + 03CO) must be less 
than the maximum core address. 

. The characters displayed on the display are the standard graphic characters for the system 
plus a cursor character, which is a horizontal mark beneath the character in the position dis- - 
played. The character codes for the characters displayed on the display unit are shown in 
“Appendix B”. The attachment must be prepared for data display by loading the high-order 
address of the data block in storage into the CRT address register. 


DISPLAY UNIT INSTRUCTIONS 
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Load I/O 
Mnemonic: LIO 


OpCode QByte Operand Address 
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Operation: This instruction causes the two-byte field located at the operand address to be 
loaded into the CRT address register. The operand is addressed by its rightmost byte. 

The Q byte contains a device address of 9 in the high-order four bits, an M bit of 0, and 
an N code of 0. 

Executing this instruction causes the display unit to begin its next display operation at the 
upper left hand corner of the screen. 


Start 1/O 


Mnemonic: SIO 


Op Code QByte Control Code 


[ee ee 


Operation: This instruction causes the display unit to attempt to perform the operation 
specified by the Q byte. 

The Q byte comprises the device address of hexadecimal 9 in the high-order four bits, an 
M bit of 0, and an N code. The N code specifies the operation to be performed. Bit 5 of the 
N code is not used. Bits 6 and 7 specify the operation as follows. Bits 6 and 7 equal to 00 
or 01 causes the display unit to stop displaying and blank the screen. N bits 6 and 7 equal 
to 10 or 11 is a display command. This causes the display unit to begin displaying characters 
taking the characters from the address specified in the CRT address register. 960 characters 
will be displayed on the screen. If a load I/O instruction is not issued before a display 
instruction, the attachment will display beginning with the character that would have been 
displayed next. The display unit will continue to display the characters in storage until 
issued a halt command, the system stop key is activated, or system reset occurs. If the sys- 
tem stop key was activated, the display unit will begin displaying again by subsequently 
activating the system start key. 


Test 1/O and Branch 
Mnemonic: TIO 


Op Code O Byte Branch to Address 


Operation: The condition specified by the Q byte is tested. If the condition exists, the next 
instruction is taken from the branch-to address and the address of the next sequential 
instruction is placed in the address recall register. If the condition does not exist, the next 
sequential instruction is taken and the branch-to address is stored in the address recall 
register. 

The Q byte contains a device address of 9 in the high-order four bits, an M bit of 0, and 
an N code in bits 5, 6, and 7. Bits 5 and 7 are not used by this instruction and should be 
zero. Bit 6 specifies the condition to be tested. If bit 6 equals 0, the condition tested is CRT 
check. If bit 6 equals 1, the condition tested is CRT busy. The display unit will accept a test 
I/O command at any time. 


Sense 1/0 


Mnemonic: SNS 


Op Code Q Byte Operand Address 


Operation: Two bytes of data are moved to the two-byte field addressed by the operand 
address. The operand is addressed by its rightmost byte. The Q byte specifies the data that 
is to be moved into storage. . 

The Q byte contains a device address of hexadecimal 9 in the high-order four bits, an M 
bit of 0, and an N code. Bits 5 and 7 of the N code are not used and should be zero. Bit 6 of 
the N code controls the data that will be moved to storage. When bit 6 equals 0, the contents 
of the CRT address register are moved into the operand field. When bit 6 of the N code 
equals 1, two status bytes are moved into the operand field. 

The byte stored in the high-order position of the operand field contains the contents of the 
display station data register, where each byte of data is stored waiting its turn at display on 
the screen. The byte in the low-order position in the operand field is the status byte that is 
bit-significant as follows: 


Bit Meaning 


Write op (diagnostic only) 

Start char gen (diagnostic only) 
Step-display (diagnostic only) 

Cycle steal request (diagnostic only) 
Display reset (diagnostic only) 

Data register parity check 

Display not ready 

Cycle steal acknowledged (diagnostic only) 
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'bhnree check conditions are indicated ior the display station. A parity check from storage to 
the display station attachment causes a processor ch sce stop with a DBO parity indication. 
Ordinarily a complete program resiari is required to recover from this error. 

A data register parity check occurs when data sent to the atiachment is stored with a parity 
error in the data register. This error can be recovered from oy issuing another start 1/0 
instruction and restarting the disniay operation, 

Wot ready is caused by the power switch on the display station being off when a start I/O 
instruction is issued to the display station. This error also causes the CRT I/O attention 
light on the keyboard-console to turn on. The not ready condition can be reset and opera- 
tion can resume by turning on the power switch on the display station. 


Cursor Contre! 


Setting bit 1 of the data byte for the display equal to 0 causes the cursor to be displayed 


along with the contents of that particular byte in storage. 


Chapter 9. Serial Input/Output Channel Adapter 


The serial input/output channel adapter (SIOC) provides a means for attaching additional 
input/output devices for which attachment circuitry is not incorporated in the system. It 
also provides a means for attaching special units that may be requested by the customer. 
The control unit for any I/O unit that is to attach to the SIOC must be designed to be com- 
patible with the SIOC. Only one control unit can be physically attached to the SIOC at any 
one time, although more than one I/O device can be controlled by that control unit. If the 
control unit is controlling more than one device, only one device can operate at any one 
time. The SIOC accepts data in the form of an 8-bit byte (plus parity). Data is accepted one 

byte at a time, parallel by bit. If the I/O device attached presents data in any other form, 
some translation must be performed by the program. 

The SIOC provides an intermediate control unit between the system I/O channel and the 
device control unit. This intermediate control unit produces the necessary signals to control 
the device control unit from information furnished to the SIOC by instructions from the 
processing unit, control bytes stored in registers in the SIOC by the processing unit, and 
information supplied by the device control unit. 


SIOC Registers 


Data Transfer Register 


A nine-bit data transfer register is provided in the SIOC to temporarily store one byte of 
data (8 bits plus parity) that is to be transferréd between the I/O device and main storage. 
Data transfer is normally on a cycle steal basis, but the contents of this register can be — 
moved between the register and storage with load I/O and sense I/O instructions when this 
is required by the characteristics of the I/O device involved or for diagnostic purposes. The 
register is tested for correct parity with a sense bit set by incorrect parity. 


Length Count Register 


Because data transfer occurs on a cycle steal basis, the adapter must keep track of the num- 
ber of bytes transferred. A length count register is provided to perform this function. This 
counter limits the number of bytes to be transferred to 256 bytes per record. A load I/O 
instruction is used to place the number of bytes to be transferred in the length count regis- 
ter. The number that is placed in the length count register is the binary representation of a 
- number equal to 256 minus the number of bytes to be transferred. Normally the I/O device 
_ signals when enough bytes have been transferred, but the length count register signals when - 
the correct number of bytes has been exceeded and stops the data transfer. The contents of 
this register and the count exceeded condition can be placed in storage with a sense I/O 
instruction. 


1/0 Select Register 


This register is used for issuing up to 16 separate I/O device control signals. It is loaded with 
a start I/O instruction. The functions that these control signals perform in the I/O device 
are determined by that device, and the data that must be placed in the register for different 
conditions will be defined by the I/O device. In general, all the signals will not be used by 
any one I/O device. 
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1/0 Transfer Lines 


This is not a hardware register but a set of 11 signal lines from the device to the SIOC that 
can communicate information to the processing unit. These lines can be tested with a sense 
I/O instruction and used for program decisions based on information received from the I/O 
unit. The conditions that will be conveyed on these lines are defined by the I/O devices and 
will be specified in manuals or sections of this manual relating to the I/O device. 


Function Register 


This register defines the mode of operation of the I/O device. It must be loaded before 
attempting to execute the program operating the device. It can be loaded by the program 
before any device operations are attempted. The specific bits that must be stored in this 
register by a load I/O instruction are defined by the I/O device. 


S/OC Data Address Register 


This is one of the local storage registers that is used to store the address of the data field 
that is to be used by the I/O device. The register is loaded by a load I/O instruction. 


S/0C Operation 


The operation of the SIOC requires that certain I/O instructions be performed to prepare 
the program and adapter for operation. A means of identifying the individual I/O devices 
that are attached to the SIOC has been provided. The identification is established at the 
time the I/O device is designed. These identification lines (four) are stored on a sense 1/O 
operation that specifies the byte that contains their sense bits. The following procedures 
should be performed to operate the SIOC. 


1. Sense the I/O identification byte. 

2. Test that an I/O device is attached to the SIOC. 

3. Load the function register with the appropriate bytes to control the particular I/O 
device. 


I/O operations require that certain instructions be performed before the instruction that 
transfers the data is executed. Before each data transfer operation, the length count 
register must be loaded with a count equal to 256 minus the number of bytes to be trans- 
ferred by that operation. The SIOC data address register must be loaded with the address 
of the first byte of the data field to be operated on. Then the start I/O instruction that 
actually transfers data can be issued. Testing and sensing operations should be included 
in the operating program but can be inserted at the discretion of the programmer in 
accordance with good programming practice. 

The SIOC operates in interrupt mode on interrupt level 4. Each time the I/O device 
requires some special service from the processing unit, such as processing in time for stacker 
selection, it interrupts the processing unit. Interrupts must be enabled for the I/O device 
before the SIOC can interrupt the processing unit. 


The commands for all I/O devices attached to the SIOC are the same. The interpretation 
given to some of the commands by the I/O devices may be different. The interpretations 
are discussed in the I/O device sections. 


Test 1/O and Branch 
Mnemonic: TIO 


Op Code Q Byte Branch to Address 


Operation: This instruction tests for the conditions specified in the Q byte. If the condi- 
tion is present, the next instruction is taken from the address specified by the branch-to 
address, and the address of the next sequential instruction is placed in the address recall 
register. If the condition is not present, the next sequential instruction is executed, and 
the address specified by the branch-to address is placed in the address recall register. The 
address placed in the address recall register remains there until the next branch, insert- 
and-test-characters, or decimal instruction. 

The Q byte contains the device address (always 0011 for the SIOC), an M bit of 0, and 
an N code. The N code specifies the condition that is to be tested as follows: 


N Code Condition Tested 


000 SIOC not ready/check 
001 Invalid 

010 SIOC busy 

011 Invalid 

100 Invalid 

101 Invalid 

110 Invalid 

111 Invalid 


Issuing a test I/O and branch instruction with any of the invalid N codes causes a processor 
check stop with an invalid-Q-byte indication. 


Advance Program Level 
Mnemonic: APL 


Op Code Q Byte 


[rt foro! 


Operation: This instruction tests for the condition specified in the Q byte. If the condition _ 

exists, the processing unit loops on this instruction until the condition no longer exists. 
The Q byte contains the device address (always 0011 for SIOC), an M bit of 0, and an 

N code. The N code specifies the condition that is to be tested as follows: - 


N Code Condition Tested 


000 SIOC not ready/check 
001 Invalid 

010 SIOC busy 

011 Invalid 

100 Invalid 

101, Invalid 

110 Invalid 

111 Invalid 


Issuing an advance program level instruction with any of the invalid N codes causes a pro- 
cessor check stop with an invalid-Q-byte indication. 
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Load 1/0 
Mnemonic: LIO 


QpCode QByte |  Operand Address 
Fe, en So ee oh 
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Operation: This instruction transfers the contents of the two-byte field addressed by the 
operand address to the register designated by the Q byte. The operand is addressed by its 
low-order byte. If the SIOC is busy when this instruction is executed, the system loops on 
the load I/O instruction until the SIOC becomes not busy. 

The Q byte contains a device address (always 0011 for the SIOC), an M bit of 0, and an 
N code. The N code specifies the register to be loaded as follows: 


NCode Register 


000 ~ ‘Invalid 

001 I/O function register 

010 SIOC length count register 

011 Invalid 

100 SIOC data address register 

101 Data transfer register 

110 Invalid 

111 Invalid 

The bytes loaded into the function register are bit significant as follows: 
High-Order Byte 


Bit Meaning 


0 Write mode set service response 

1 Reset service response after 6 microseconds 
2 Transfer line 2 EOT 

3 Transfer line 1 EOT 

4 Even parity 

=a Decrement DAR 

6 Latch I/O 1 select 

7 Slave (transfer line 6 and 7 latch ati 
Low-Order Byte 


Bit Meaning 


Diagnostic mode (used only for CE diagnostic testing) 
Spare 

Latch transfer line 4 

Latch transfer line 3 

Latch transfer line 1 

Transfer line 3 reset DISC latch 

Reset latch after 6 microseconds ~ 

Transfer line 5 reset latch — 


The various bits in these two bytes that are set are determined by the I/O device attached 
to the SIOC at the time and will be specified by the instructions for programming that 
device. : 

Specifying an invalid N code results in a processor check stop with an invalid-Q-byte 
indication. 


Sense 1/O 


Mnemonic: SNS 


OpCode OQByte Operand Address | 


1 
os Laat 


Operation: This instruction causes the two bytes of sense data specified by the Q byte to 
be transferred to the two-byte field specified by the operand address. The operand is 
addressed by the low-order byte. This instruction is executed even though the SIOC is busy 
_ or has a not ready/check condition. 

The Q byte contains a device address (always 0011 for the SIOC), an M bit of 0, and an 
N code. The N code specifies the bytes to be sensed as follows: 


N Code Function 


000 Invalid 

001 1/O function register 

010 Length count register and status byte 
011 I/O transfer lines . 

100 Data address register _ 

101 Data transfer register and diagnostic byte 
110 Invalid 

111 Invalid 


Specification of an invalid N code causes a processor check stop with an invalid-Q-byte | 
indication. . 

The status byte and the diagnostic byte are the high-order bytes of their respective sense 
operations. They are bit significant as follows: 


Status Byte 

Bit Meaning 

0 Spare 

1 End request 

2 Interrupt pending 

3 I/O attention 

4 Data transfer register parity check . 
5 No-op 

6 Length count register overflow 

7 I/O ready 

Diagnostic Byte 


Bit Meaning 


0 SIOC request latch 
1 Service request 

Z Service response 

3 Interrupt enable 

4 I/O disconnect 

5 Write call 

6 Read call 

7 I/O select 


Bits 0 and 1 of the status byte and all of the bits of the diagnostic byte are for CE diagnos- 
tic use and have no meaning to the I/O control program. 
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The transfer lines are bit-significant as follows: 


Low-Order Byte 

Bit Meaning 

0 I/O transfer line 8 
1 1/O transfer line 7 
2 1/O transfer line 6 
3 I/O transfer line 5 
4 1/O transfer line 4 
5 I/O transfer line 3 
6 I/O transfer line 2 
7 _—*T/O transfer line 1 
High-Order Byte 

Bit Meaning 

0 I/O identifier bit 8 
1 I/O identifier bit 4 
2 I/O identifier bit 2 
3 1/O identifier bit 1 
4 I/O device attached 
5 1/O transfer line 11 
6 I/O transfer line 10 
7 I/O transfer line 9 


The meaning of each of the I/O transfer lines (check condition, device status, etc.) is deter- 
mined by each individual I/O device control unit and will be specified by manuals discussing 
that I/O device. Not all I/O transfer lines will necessarily be used by any one unit. 


Start 1/O 
Mnemonic: SIO 


OpCode QByte Control Code 
| Fs footoin| 


Operation: The start I/O instruction is used to control the mode of operation of the SIOC 
adapter and to issue control signals (I/O select lines) to the attached I/O device. A start 
I/O read or write instruction will electronically attach the adapter to the I/O device by 
setting it in the read or write mode respectively. The SIOC adapter must be placed in either 
one of these modes for the transfer of data to occur. This instruction is also used to enable 
or disable the ability of the adapter to request an interrupt priority, if required by the 
attached I/O device. The interrupt requests in the SIOC adapter are also reset with the start 
I/O instruction. 

The start I/O instruction with an N code of 000 will always be accepted and executed 
by the adapter. Start I/O instructions with valid N codes other than 000 will be accepted 
and executed unless I/O attention or busy conditions exist. If I/O attention or busy exists 
and the processing unit is not servicing an SIOC interruption, a start I/O instruction will 
not be accepted. The processing unit will loop on the start I/O instruction until the condi- 
tion is corrected. When the adapter becomes not busy or the I/O attention is corrected, 
the instruction will be accepted and normal instruction sequencing will continue. If a 
start I/O instruction is issued when the device is not ready because a device is not attached, 
the instruction cannot be executed. In this situation the no-op status bit is set, and the start 
I/O instruction is ignored. If a start I/O instruction with an N code other than 000 is issued 
when the I/O attention condition exists and the processing unit is servicing an SIOC inter- 
ruption, the no-op status bit is set and the instruction is ignored. The no-op status bit can 
be sensed and reset with a sense I/O instruction. 


CHECKING 


The Q byte comprises a device address (always 0011 for the SIOC) in the first four bits, 
an M bit of 0, and an N code. The N code operates in conjunction with the control code 
byte to select the operation that the I/O device or the adapter is to perform. 


N Code Control Code Function 


01234567 
000 00000001 Reset interrupt request 
000 00000010 Enable interrupt 
000 00000100 Disable interrupt 
000 00001000 Reset SIOC adapter 
001 00000000 © Read I/O device 
010 00000000 Write I/O device 
011 I/O control 1 
100 I/O control 2 


The I/O control N codes cause the select register to be set with the contents of the control 
code byte. The control code byte is bit significant as follows: 


I/O Control Byte 1 
Bit Meaning 

0 1/0 8 select 
1 1/O 7 select 
2 I/O 6 select 
3 1/O 5 select 
4 I/O 4 select 
5 I/O 3 select 
6 1/O 2 select 
7 1/O 1 select 
I/O Control Byte 2 


Bit Meaning 


1/O 14 select 
1/O 13 select 
I/O 12 select 
I/O 11 select 
I/O 10 select 
1/O 9 select 

1/O unit 2 select 
1/O unit 1 select 


NYNUONP WN KH © 


The contents of the data transfer register and the I/O channel data are tested for parity 
errors during data transfer operations and whenever instructions and data are being trans- 
mitted over the I/O channel to the SIOC. Adapter detected parity errors on data coming 
from the processing unit result in a processor check stop with a parity error indication. 
Parity errors detected in the data transfer register set a data-transfer-register-parity-check 
sense bit that can be tested by a sense I/O instruction. 
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OPERATION 


Chapter 10. IBM 1255 Magnetic Character Reader 


The IBM 1255 Magnetic Character Reader provides the capability of entering data in- 
scribed with magnetic ink characters on paper documents. The 1255 is available in these 
models: 


Maximum . Number of 

Model Font Read = Throughput** Stackers 

1 E—13B 500/min 6 

2 4 E—13B 750/min 6 

3 E—13B 750/min 12 
21 CMC 7* 500/min 6 
22 CMC 7* 750/min 6 
23 CMC 7* ~ 750/min 12 


* Character font used outside the United States 
** Measured with 6-inch documents 


A discussion of the capabilities, characteristics, and operations of the magnetic character 
reader can be found in JBM 1255 Magnetic Character Reader orien ts Description, 
Order No. GA24-3542. 


The 1255 attaches to the system SIOC and operates through the instructions issued to the 
SIOC. The exact form of these instructions is discussed in the SIOC chapter of this manual. 


General Programming Requirements 


In addition to the instructions that actually control reader functions, the following items 
must be handled in a specific manner in order for the 1255 to operate with the SIOC: 


1. Before executing the instructions that cause the reader to operate, the function 


register of the SIOC must be loaded by a load I/O instruction. The two bytes loaded 
must contain a 1 in bits 1 and 5 of the high-order byte and a 1 in bit 6 of the low- 
order byte. All other bits in these bytes must be zero. 

2. The length count register must be loaded by a load I/O instruction issued to the 
SIOC. The number to be loaded into the register is 256 minus the number of bytes 
to be read from the 1255. This operation must be penne before each read in- 
struction. 

3. | The SIOC data address register must be loaded with an aaidiess before reading 
occurs for each read operation. This address designates where in storage the data 
read from the document is to be stored. The address must be that of the low- 
order byte of the data field. This register is loaded with a load I/O instruction. 

4. The device identification assigned to the 1255 is 0011. The fact that the 1255 is 

‘the device attached to the SIOC can be detected by the sense I/O instruction sensing 
the I/O transfer lines. Bits 0 through 3 of the high order sense bytes stored by this 
instruction contain the identification for the 1255. Bits 0 and 1 will be 0, and bits 
2 and 3 will be 1. 

5. Astart I/O instruction must be issued to enable interrupts for the SIOC. The 1255 
requires that processing of the documents be performed within specified periods 
of time to provide correct processing. The 1255 causes an interrupt at the end of 
every document, and this interrupt must be enabled to allow processing to commence. 
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Feeding Documents 


Documents do not begin to feed immediately after the start key is pressed on the 1255 
(when it is attached to the system). The engage command is necessary to start documents 
feeding. A disengage command from the processing unit is required to stop document 
feeding under program control. The engage command is issued by executing a start I/O 
instruction for the SIOC with an N code of 100 and a control code of 00000001. The 
disengage command is issued by a start I/O instruction with an N code of 100 and a con- 
trol code of 00000010. Once engaged, the reader continues to feed documents as long 

as documents are available in the hopper to be fed, as long as no malfunction of either the 
reader or the program occurs, and until a disengage command is given or the reader stop 
key is pressed. . 


Retrieving Data from Documents 


Data is obtained from documents passed through the 1255 by issuing a start I/O command 
specifying read. A read command must be issued for each document before that document 
reaches the read head. Failure to issue the necessary read command results in the docu- 
ment’s being rejected and a signal being sent to the processing unit. 

For data to be transferred from the 1255 the validity-check-and-readout switches for the 
desired field must be pressed. 

The 1255 generates an end of transmission (EOT) signal at the end of each document. 
The EOT signals the SIOC to request an interrupt. The first character transferred from the 
1255 enters storage at the address designated by the SIOC data address register. Subsequent 
characters enter successively lower storage locations. 


Directing the Disposition of Documents 


Documents are directed to the stackers in the 1255 by stacker select commands. These 
commands are generated by start I/O instructions that load the I/O select register. For 

500 documents per minute models, the stacker select command must be issued within 24 
milliseconds of the time a document leaves the read head (signaled by-an interrupt request) — 
if the document is to be stacked in the first (lowest) stacker, or within 50 milliseconds of 
the document’s leaving the read head if it is to be stacked in any other stacker. For 750 
documents per minute models, the stacker select command must always be issued within 

24 milliseconds after the document leaves the read head. If the stacker select command 

is not issued within these limits, the document is rejected and the 1255 stops after all 
documents in the transport are directed to the reject stacker. The fact that the reader is 


stopped is conveyed to the processing unit. 


Obtaining Information about the Condition of the Reader 


Indications about the condition of the reader are obtained by issuing a sense I/O command. 
The sense command is required to determine if the read command was issued in time, if 
the fields read from the document are valid, where documents are located in the transport, 
and if the reader is operating. . 


Start 1/0 
Mnemonic: SIO 


Op Code OQOB8Byte Control Code 


| F2fortjoin) 


Operation: The reader performs the operation specified by the N code and the control 
code. 

The Q byte comprises a device address (always 0011 for the reader) in the first four bits, 
an M bit of 0, and an N code. The N code in conjunction with the control code specifies 
the operation to be performed. The operations performed are: 


N Code Control Code Operation | 
000 or 001 00000001 Reset interrupt request (performed by the SIOC) 
000 or 001 ~— 000000010 Enable interrupt (performed by the SIOC) 
000 or 001 000000100 Disable intcrrupt (performed by the SIOC) 
000 or 001 000001000 Reset SIOC adapter (performed by the SIOC) 
001 000000000 Read I/O device 
010 0000000000 Invalid for 1255 
011 Control I/O 
100 Control I/O 


The control I/O operations set the I/O select register to produce the desired operation. The 


following operations can be performed by each N code: 


‘N Code 011 
Models 1, 2, 21, 22 
Control Code Bit Operation 
0 Not used 
1 Select stacker 6** 
2 Not used 
3 Select stacker 4 
4 Select stacker 3* 
5 Select stacker 2 
6 Select stacker 1* 
7 Select stacker 0 
N Code 100 
Models 1, 2, 21, 22 
Control Code Bit Operation 
0 Not used 
1 Select reject stacker 
2 Not used 
3 Not used 
4 Not used 
5 Select stacker 8 
6 Disengage feed 
7 Engage feed 


Models 3 and 23 
Operation 


Select stacker 7 
Select stacker 6 
Select stacker 5 
Select stacker 4 
Select stacker 3 
Select stacker 2 
Select stacker 1 
Select stacker 0 


Models 3 and 23 
Operation 


Not used 

Select reject stacker 
Not used 

Select stacker A 
Select stacker 9 
Select stacker 8 
Disengage feed 
Engage feed 


Stackers on the 12 stacker readers are arranged in two vertical rows of six stackers each. 
Stackers on the left bank are numbered from bottom to top: 0,1, 2, 3,4, R. Those on 


the right bank are numbered 5, 6, 7, 8,9, A. 


* Invalid code for standard (even/odd) sort pattern readers 
. ** Invalid code for optional (0-4/5-9) sort pattern readers 
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Load 1/0 


Mnemonic: LIO 


Op Code Q Byte Operand ‘Address 
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Operation: The two bytes contained in the two-byte field addressed by the operand 
address are placed in the register designated by the Q byte. The operand is addressed by 
the low-order byte. 

The Q byte comprises the device address (always 0011) in the high-order four bits, an 
M bit of 0, and an N code. The N code specifies the register into which the contents of 
the operand field are to be loaded. 


N Code Destination 


000 Invalid 

001 I/O function register 

010 SIOC length count register 
O11 Invalid 

100 SIOC data address register 
101 Data transfer register 

110 Invalid 

111 Invalid 


Specification of an invalid N code results in a processor check stop with an invalid-Q-byte 
indication. The I/O function register must be loaded with the following: 


High-Order Byte | Low-Order Byte 
00000100 00000010 — 


Sense I/O 
Mnemonic: SNS 


Op Code QByte Operand Address 
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Operation: The two bytes specified by the Q byte are placed in the two-byte field 
addressed by the operand address. The operand is addressed by the low-order byte. 

The Q byte comprises the device address (always 0011) in the high-order four bits, an M 
bit of 0, and an N code. The N code specifies the sense bytes or registers that are to be 
sensed. 


N Code Senses 


000 Invalid 

001 I/O function register ' 

010 Length count register and status byte 
011 1/O transfer lines 

100 Data address register 

101 Data transfer register and diagnostic byte 
110 Invalid 

111 Invalid 


Specification of an invalid N code causes:a processor check stop with an invalid-Q-byte 
indication. . 


The status byte and diagnostic byte are stored as the high-order bytes of their respective 
-sense operations. They are bit-significant as follows: 


Status Byte 
Bit —- Meaning 
0 Spare 
1 End request 
Z: Interrupt pending 
3 1/O attention . 
4 Data transfer register parity check 
5 No-op ; we 
6 Length count register overflow 
7 I/O ready . 
The I/O transfer lines are bit-significant as follows: 
High-Order Byte 
Bit Meaning 
0 0 
; (these bits are the device ID) 
3 1 
4 Not used 
5 Not used 
6 Not used 
7 Sorter is stopped 
Low-Order Byte 
Bit Meaning 
0 Auto reject : 
1 Serial number field valid 
2 Transit routing field valid 
3 Account number field valid 
4 Process control field valid 
5 Amount field valid 
6 Document under read head 
7 Document to be read 


Sorter-is-stopped is conditioned by the main motor being stopped. A main motor stop is 
caused by a jam, a late stacker select, an empty feed hopper, or the reader stop key being 
pressed. This line is deconditioned (bit turned off) by clearing the stop condition and 
restarting the reader. 

All field valid indicators are conditioned when their respective fields, including bracketing 
symbols, are read without error and deconditioned when the leading edge of the next docu- 
ment is sensed at the read head. 

The auto reject indication turns on for any document that is rejected automatically by 
the reader. This occurs if a read command is not issued for a document before the docu- 
ment reaches the read head, a short document, an overly long document, or when a docu- 
ment spacing error occurs. The indicator turns on when the error condition is detected and 
stays on until the next document arrives at the read head. Except for a document spacing 
error, the indicator stays on through the second document because both documents are 
rejected. A stacker select command other than reject must not be issued for an auto- 
reject document to prevent missorting. 
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The document-under-read-head bit comes on when a document passes under the read 
head and turns off when the document leaves the read head. It can be used to determine if 
a document cleared the read head. If the read command has been terminated before the 
end of the document, a stacker select command must not be given for the document until 
the document leaves the read head. , 

The document-to-be-read bit turns on when there is a document in motion between the 
separator and the read head. The bit turns off when the document passes under the read 


_ head unless there is another document between the separator and the read head. The bit 


also turns off from a jam condition between the separator and the read head. 


Test 1/O and Advance Program Level 


These instructions operate on the SIOC even though they must be used when operating 
the 1255. See the SIOC chapter for a discussion of these instructions. The test I/O busy 
indication means that the 1255 is performing an operation. 


Account Number Checking 


For a description of the manner in which account number checking is performed see the 
1255 Components Description manual. If an incorrect account number is found when this 
feature is installed, the account-number-field-valid indicator is turned off. No special pro- 
gramming is involved with the account number checking feature. 


51-Column Sort Feature 


This feature allows the 1255 to handle documents shorter than the standard documents. 
These documents lack a transit-routing field. This fact could be used by a program to distin- 
guish 51-column documents from others. 


Dash Symbol Transmission 


This feature allows the 1255 to transmit the dash symbol from the transit-routing field. 
Because different nations of the world use the dash symbol in different positions of their 
transit-routing fields, this fact can be used by programming to distinguish between checks 
from different countries. 


High-Order Zero and Blank Selection 
This feature has no effect on programming System/3 Model 6 for operating the 1255. 


Chapter 11. Binary Synchronous Communication Adapter 


The binary synchronous communication adapter feature (BSCA) provides System/3 with 
the capability of communicating with other computers or with data terminals at remote 
locations. The system can both transmit and receive during any communication but can 
do only one or the other at any one time (half duplex operation). Communication can be 
performed over two-wire, four-wire, or broad-band facilities in point-to-point or multi- 
point networks. The operation of the communication adapter is controlled by the system 
program. 


Point-to-Point Communications Networks 


The system functions in either a switched or a non-switched point-to-point network. Ina 
non-switched network, only two stations are connected in the network. In a switched net- 
work more than two stations are available in the network and connections between any of 
the stations are accomplished by switching (usually through a telephone dial network). In 
any point-to-point network connection, one station is specified as the primary station and 
the other is designated as the secondary station. The stations are allowed to contend for 
the line (both request permission to transmit at the same time) but the primary station will 
always gain control of the line in any case of contention. Normally contention cannot 
occur in the switched network because one of the stations must be ready to receive before 
a call can be completed. System/3 can be designated as either the primary or secondary 
station. Figure 11-1 illustrates a non-switched point-to-point network. 


Multi-Point Communications Network 


A multi-point network has more than two stations connected to the communications lines 
at any one time. One station is designated as the control station for the network and all 
the other stations are designated as tributary stations. The control station is responsible for 
preventing more than one station from attempting to use the transmission lines at any one 
time. It does this by giving each station on the line permission to transmit in turn. The 
control station can transmit to any of the tributary stations at any time that one of the 
tributary stations is not transmitting. System/3 can serve only as a tributary station in a 
multi-point network. Figure 11-2 illustrates a multi-point network. 


System/3 


Processing Unit 


Communication Computer 
Adapter or 
Terminal 





Figure 11-1. Point-to-Point Communications Network 
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‘Modems — 


In order to place data on a transmission line and retrieve data at the other end of the line, a 
unit called a modulator-demodulator (modem) is used. The modem (also called a data set) 
receives characters presented by the communication adapter during transmission and places 
them on the communications lines. During receiving, the modem accepts characters from 

the lines and presents them to the communication adapter. Modems operate at different 
rates of character transmission. The modem that is to be used with the system must be 
specified. (See your IBM marketing representative for information concerning what modems, 


or their equivalent, can be used.) 


Transmission Codes 


Data can be transferred in either of two codes, Extended Binary Coded Decimal Interchange 
Code (EBCDIC) or USA Standard Code for Information Interchange (USASCII). Either but 
not both codes can be specified for any particular communication adapter. 

EBCDIC is the standard, 8-bit plus parity, internal binary code of System/3 Model 6. This 
code is illustrated in “Appendix B.’’ USASCII is a 7-bit plus parity code illustrated in 
Figure 11-3. Unlike EBCDIC, which numbers its bits 0 through 7 starting at the high- 
order bit, USASCII numbers its bits 1 through 7 starting at the low-order bit. The 
8-bit equivalent coding shown in Figure 11-3 is the code that must be in main storage 
for the USASCII character shown to be transmitted and is the code that is stored when 
the USASCII character is received. These equivalent codes are not the EBCDIC codes for 
the equivalent characters. ; 

EBCDIC and USASCII not only have different numbers of bits but use different coding 
structures to represent characters. When USASCII is used with the System/3 Model 6 com- 
munication adapter, it must be translated from EBCDIC before transmission and translated 
to EBCDIC after reception. This translation is not performed by the communication 
adapter. The program must translate the data before and after communications operations. . 
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USASCII 
Code 


0000000 
0000001 
0000010 
0000011 
0000100 
0000101 
0000110 
0000111 
0001000 
0001001 
0001010 
0001011 
0001100 
0001101 
0001110 
0001111 
0010000 
0010001 
0010010 
0010011 
0010100 
0010101 
0010110 
0010111 
0011000 
0011001 
0011010 
0011011 
0011100 
0011101 


0011110 


0071111. 


0100000 


0100001 


0100010 


8-Bit 
Equivalent 


00000000 
00000001 
00000010 
00000011 
00000100 
00000101 
00000110 
00000111 
00001000 
00001001 
00001010 
00001011 
00001100 
00001101 
00001110 
00001111 
00010000 
00010001 
00010010 
00010011 
00010100 
00010101 
00010110 
00010111 
00011000 
00011001 
00011010 
00011011 
00011100 
00011101 
00011110 
00011111 
00100000 
‘00100001 


00100010 


Symbol USASCH 8-Bit 
Code Equivalent 


0100100 
0100101 
0100110 
0100111 
0101000 
0101001 
0101010 
0101011 
0101100 
0101101 
0101110 
0101111 
0110000 
0110001 
0110010 
0110011 
0110100 
0110101 
0110110 
0110111 
0111000 
0111001 
0111010 
0111011 
0111100 
0111101 
0111110 
0111111 
1000000 
1000001 
1000010 
1000011 
1000100 
1000101 


1000110 


Figure 11-3 (Part 1 of 2), 7-Bit USASCII Code 
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00100100 
00100101 
00100110 
00100111 
00101000 
00101001 
00101010 
00101011 
00101100 
00101101 
00101110 
00101111 
00110000 
00110001 
00110010 
00110011 
00110100 
00110101 
00110110 
00110111 
00111000 
00111001 
00111010 
00111011 
00111100 
00111101 
00111110 
00111111 
01000000 
01000001 
01000010 
01000011 
01000100 
01000101 


01000110 
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USASCII 8-Bit Symbol USASCH 8-Bit 
Code Equivalent Code - Equivalent 








0100011 00100011 1100011 01100011 
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Figure 11-3 (Part 2 of 2), 7-Bit USASCII Code 


Data Rates 


The communication adapter can control data transmission at rates from 600 bits per 
second to 50,000 bits per second. To provide these different rates, two different modem 
interfaces are used. The data set interface is a medium-speed interface that makes possible 
data rates from 600 bits per second to 7,200 bits per second. The data station interface 
is an optional feature, high-speed interface that makes possible data rates between 
19,200 bits per second and 50,000 bits per second. 
To control data going into the communication facility through the modem, a timing 

_ device known as a clock is used. This clock determines the data transmission rate for the 
system. The communication adapter does not furnish clocking to the modem except as a 
special feature. For the high-speed interface the modem must furnish the clock. External 
clocking supplied by the modem may be used with the medium-speed interface. A special 
feature is available that provides an internal clock in the communication adapter. 


Data Transfer and Processing 


The communication adapter functions as a terminal between the communication facility 
and the processing unit. In performing this function it is subject to the same instructions 
and procedures as the other input/output devices attached to the system. Data is trans- 
ferred by cycle stealing in the same manner as for other I/O devices. 

The communication adapter operates on interrupt level 2. An interrupt occurs at the end 
of each I/O operation and between data blocks.during a communication. The interrupt 
routines should follow the form shown in Figure 11-4. Note that the routine must first 
determine whether the interrupt is for an intermediate transmission block (ITB) or for 
the end of an operation. The intermediate block check must precede the end of opera- 
tion check because end of operations can follow close behind the intermediate block 
interrupt. If the end of operation interrupt is serviced before the intermediate block 
interrupt, the intermediate block interrupt may be lost. 


SUBFEATURES OF THE COMMUNICATION ADAPTER 


Two subfeatures of the communication adapter are standard: intermediate block checking 
and auto answer. The auto answer feature enables the communication adapter to respond 
to a telephone request for data communications automatically without operator interven- 
tion. The intermediate block checking feature allows transmission and reception of check- 
ing characters for checking the accuracy of communication without interrupting the steady 
flow of information from the transmitting station to the receiving station. 

In addition to the two standard subfeatures, certain optional subfeatures are offered to 
enhance the capabilities of the communication adapter. 


Station Selection 


This feature allows the system to operate as a tributary station in a multi-point communica- 
tions network. This feature excludes the auto call feature and is not available with the 
high-speed interface. 


Internal Clock 


This feature provides an internal clocking system in the communication adapter to allow 
operation with modems that do not provide clocking to the adapter. The internal clock 
feature provides the following transmission rates: 


600 bits per second 

1200 bits per second 
2000 bits per second 
2400 bits per. second. 


Only one of the above transmission rates can be specified for each communication adapter. 
This feature excludes the high-speed interface. 
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High-Speed Interface 


This feature enables the communication adapter to interface with modems that provide 
data rates between 19,200 bits per second and 50,000 bits per second. This feature 
excludes the internal clock feature, so the modem must furnish data clocking when this 
feature is installed. The high-speed interface feature is not available through World Trade 
Corporation. 


Auto Call 


This feature permits automatic connection with a remote station to be established by 
means of a program instruction. An auto calling unit (ACU), not supplied by IBM, must 
be used with this feature to enable connection to occur. This feature excludes the station 
selection feature. The auto call feature is not available through World Trade Corporation. 


Interrupt © 


Request 
Honored 
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(Control to Reset the 
Interrupt Request) 








Start 1/O 
(Control to Reset the 
Interrupt Request) 
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Figure 11-4, Generalized Communication Adapter Interrupt Routine 


Transparency 


This feature allows all of the 256 possible bit combinations available in the EBCDIC to be 
transmitted through the communication adapter.as data. Certain EBCDIC characters are 
control characters that cause the communication adapter to perform a function. These 
characters cannot be used as data in nontransparent operations, The transparency feature 
allows these characters to be handled as data. This feature excludes the USASCII option. 


Data Rate Selection 


This feature allows switch selection of the data transmission rate. The switch provides 
either 600-bit-per-second or 1200-bit-per-second data transmission and reception, The data 
rate selection feature is available only through World Trade Corporation. 


LOCAL COMMUNICATIONS ADAPTER (LCA) 


The local communications adapter feature allows direct attachment (no data set/modem) 
of an IBM 3741 Data Station Model 2 to an IBM System/3 Model 6. The LCA is installed 
in the IBM 5406 Processing Unit. The external (data set/modem) cable furnished with the 
attached 3741-2 is plugged directly into a connector provided with the LCA feature. 

Only one device may be physically attached to the LCA at a time. The LCA provides 
clocking at a rate of 2400 bits per second for the attached device and operates in a point- 
to-point, non-transparent mode using extended binary coded decimal interchange code 
(EBCDIC). | 

The LCA cannot be installed on a system with an installed BSCA, and only one LCA can 
be installed. None of the BSCA subfeatures can be used with the LCA feature. 

Registers, indicators, and programming used for operation of the BSCA feature are used 
for the LCA feature. 


LOCAL STORAGE REGISTERS USED BY COMMUNICATIONS ADAPTERS 


Three local storage registers are provided for the communication adapter: the current- 
address register, the transition-address register, and the stop-address register. These 
registers hold the storage addresses of data or control bytes at which certain actions are 


to occur, or the address of the next byte to be transmitted or received. 
The current-address register contains the address of the next byte to be operated on. When 


data is being transmitted, this register is used to address storage for each byte that is to be 
transmitted. When data is being received, this register is used to address storage for storing 
each byte as it is received from the line. 

The transition-address register stores the address at which transition is desired between 
transmitting and receiving in a transmit-and-receive operation. When the address in the 
current-address register equals the address in the transition-address register, the adapter 
stops taking data from storage on cycle steals and begins alee cycles to store the charac- 

_ ters received from the communications line. 

The stop-address register stores the address at which communication adapter operation is 
to stop. When the address in the current-address register equals the address in the stop-address 
register, the communication adapter ends its operation and generates an interrupt request. 
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COMMUNICATION ADAPTER MODES AND STATES 


The communication adapter must be in either of two modes when it is on line with power 
on. These two modes are data mode and control mode. The adapter is in data mode at any 
time when data is being passed between the adapter and some other station in the network. 
When the adapter is not in data mode, it is in control mode. Examples of control mode are 
those times when the adapter is attempting to gain control of the communications line in 
order to transmit data and those times when the adapter js monitoring the line waiting to 
be called or polled. 

When the communication adapter is in the data mode, it must operate in one of two 
states: master or slave. The communication adapter is in the master state when it is the 
station transmitting data and waiting for responses from the remote station. The adapter is 
in the slave state when it is receiving data from the remote station and responding with 
characters that tell the remote station the status of the data received. During an exchange 
of communications, the adapter can shift from master state to slave state and back to master 
state as many times as necessary to complete the exchange of data. 


COMMUNICATION ADAPTER CHECKING 


Each unit of data that is transmitted between the system and another station is checked for 
accuracy of data reception. This is necessary because electrical noise on the communications 
lines can cause extra bits to appear at the receiving end of the line. Two different schemes 
for developing the block check characters are used by the EBCDIC and by the USASCII 
systems. 

The EBCDIC system develops a two-byte block check character by a cyclic redundancy 
code. These two bytes are transmitted following certain adapter control characters. The 
block check characters do not enter storage but are compared to the block check characters 
developed at the receiving station from the data received. If the block check characters 
received at the receiving station match the block check characters developed by the receiv- 
ing station from the data received, the receiving station acknowledges the receipt of the 
data. If the block check characters do not match, the receiving station signals the transmit- 
ting station that an error occurred during the transmission. 

The USASCII system uses a combined longitudinal/vertical redundancy check to develop 
a single-byte block check character. This block check character is used in the same manner 
as the EBCDIC block check characters. 

In addition to the block check characters, each byte received or transmitted is checked by 
the processing unit circuitry for correct parity. If a character with even parity is detected, 
the processing unit stops with the processor check light on. 


CONTROL CODES 


Certain of the characters in both the EBCDIC and USASCII codes have been designated as 
line control characters. The USASCII line control characters are shown with the rest of the 
USASCII code in Figure 11-3. The EBCDIC line control characters are shown in “Appen- 
dix B.” These control characters must surround the data and constitute the initialization 
sequences necessary to establish contact between stations and control sequences necessary 
for correct data handling. The System/3 Model 6 program is responsible for framing data to 
be transmitted with the correct control characters. When these control characters are . 
received from the remote station, they cause the adapter to perform some function. In addi- 
tion, the control characters are stored in main storage just as they are received from the 
line. (For an exception, refer to “Synchronous Idle-Syn.”’) 

The individual line control characters provide control to the communication adapter. In 
addition, other control functions are obtained by using sequences of control characters or 
by using control characters followed by characters for which graphics (printable characters) 
have been defined. Each control function (whether initiated by a line control character or 
a line control sequence) has a mnemonic. These mnemonics are used in the following discus- 
sions of communication adapter operations. Figure 11-5 shows the control characters and 
sequences. 


CONTROL CHARACTER USES 


Each of the control characters, whether used alone or with another character, has its own — 
special use. Because of the characteristics of these usages, certain rules must be followed in 
the sequencing of the characters. 


Start of Heading (SOH) 


This character is used to begin the heading of the message to be transmitted. Not all mes- 

sages will have a heading, but in systems where heading data is required for message routing 
this character is used to indicate that the data following the SOH character is heading data. 
The SOH character causes the communication adapter to leave control mode and enter data 
mode. If the heading is broken into parts by ITB characters, the SOH character is used to 
indicate that each of the parts is part of the heading. The use of the SOH character following 

a block of data ended by the ITB character is valid only if the preceding block of data was a 
heading block delimited by a SOH character. The use of the SOH character within a heading 

is invalid unless the heading has been broken by an ITB character. 
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Start of Heading SOH 





Start of Text STX 

End of Transmission Block ETB 

End of Text ETX 

End of Transmission . EOT 

Enquiry ENO 

Negative Acknowledge NAK 

Synchronous Idle SYN 

Data Link Escape DLE 

Intermediate Block Character 1US US 
Even Acknowledge DLE (70) DLEO 
Odd Acknowledge DLE / ‘| DLE 1 


Wait before Transmit -- Positive Acknowledge DLE, DLE ; 


Mandatory Disconnect . DLEEOT DLE EOT 


Reverse Interrupt DLE @ DLE 
Temporary Text Delay STX ENQ STX ENO 
Transparent Start of Text DLE STX 

Transparent Intermediate Block , DLE 1US 

Transparent End of Text DLE ETX 

Transparent End of Transmission Block DLE ETB 

Transparent Synchronous Idle DLE SYN 

Transparent Block Cancel - |1DLE ENO 

Transparent Temporary Text Delay DLE STX DLE ENQ 


Data DLE in Transparent Mode DLE DLE 


Figure 11-5, Control Characters and Sequences 


Start of Text (STX) 


This character is used to indicate the beginning of text in a message. This character can fol- 
low data blocks that were begun with the SOH character or can introduce the text in mes- 
sages that contain no heading. If no heading preceded it, the STX character causes the com- 
munication adapter to leave control mode and enter data mode. The STX character can be 
used, but is not necessary, to indicate that a new block of text is beginning after a block 
ended with the ITB character. The STX character must be used to begin new blocks of text 
following blocks of text ended by ETB or ETX characters. 
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End of Intermediate Data Block (ITB) 


Placing this character in a message causes the communication adapter to perform a block 
check character operation (transmit the block check characters if the adapter is the master 
station or receive and compare the block check characters if the adapter is the slave station) 
and clear the accumulated block check characters. If the block check characters received 

at the slave station match the characters accumulated at the slave station, the adapter’ 

stores the address of the next higher storage location in the transition-address register and 
generates an interrupt request. The adapter then continues to receive the data transmitted 
by the remote station. If the block check characters do not match, no interrupt is generated, 
and the adapter stops accepting data. However, the remote station continues to transmit. 


End of Transmission Block (ETB) 


This character is used to signal the end of a block of data in a message that is subdivided 
into parts for better transmission control. The ETB character signals the end of a transmis- 
sion block that is not the end of the message. The ETB signal demands a response from the 
receiving station. 

When the communication adapter is transmitting, the ETB signal must be in storage at a 
position one less than the position in which the first character received will be stored. This 
prepares storage to receive the response to the block check characters. The block check 
characters are sent automatically by the communication adapter immediately following the 
transmission of the ETB character. When the communication adapter is receiving, the ETB 
character signals that the block check characters will follow immediately. As soon as the 
block check characters are received and compared, an interrupt request is generated. At this 
time the program must sample the communication adapter to determine if all data was 
received correctly. As a result of this determination the program must frame a reply and 
begin an I/O operation to signal the original transmitting station that the data was received 
either correctly or incorrectly. The ETB character can be used in either text or heading 
data. . 


End of Text (ETX) 


This character is used to signal the end of a message. The ETX signal demands a response 
from the receiving station. 

When the communication adapter is transmitting, the ETX character must be in storage 
at a position one less than the position in which the first character received will be 
stored. This prepares storage to receive the response to the block check characters. The 
block check characters are transmitted automatically by the communication adapter 
immediately following the transmission of the ETX character. When the communication 
adapter is receiving, the ETX character signals that the block check characters will 
follow immediately. As soon as the block check characters are received and compared, 
an interrupt request is generated. At this time the program must sample the communica- 
tion adapter to determine if all data was received correctly. As a result of this determina- 
tion the program must frame a reply and begin an I/O operation to signal the original 
transmitting station that the data was received either correctly or incorrectly. 


Enquiry (ENQ) 


. This character is used in both control mode and data mode. When detected in data mode 

. this character causes a shift to control mode. In control mode this character is used to 
establish contact between stations. In data mode this character is used to request a reply 

or to signal that the block of data just transmitted is to be ignored. The ENQ character 
always calls for a response from the station that received the ENQ. The transmitting 
station must have the ENQ characters stored one character before the location at which the 
first character of the reply will be stored. The receiving station communication adapter 
generates an op end interrupt request when the ENQ character is received. The receiving 
station must then analyze the interruption, frame a reply to the remote station, and ini- 
tiate an I/O instruction to transmit the reply. 


Negative Acknowledge (NAK) 


This character is used as a negative response signal in both control mode and data mode. 
The control mode NAK indicates that the terminal is not in condition to receive when a 
control signal instructing the communication adapter to prepare to receive is detected. 
In data mode, NAK indicates that the data transmitted since the last acknowledgement 
character was sent was not received correctly. Modifying information specifying the 
reason for the negative acknowledge can be included in the response. In such an opera- 
tion the NAK character is the last character in the sequence. 

The NAK character is always followed by four contiguous 1 bits. These 1 bits are stored 
in the low-order four bits of the byte immediately following the byte where the NAK 
character is stored. The high-order four bits of this byte should be ignored. Receiving 
a NAK response causes the communication adapter to generate an interrupt request. 


End of. Transmission (EOT) 


This character signals the end of an exchange of data between two stations and does not 
require any reply. This character is also used in multi-point networks as the first character 
in the polling or selection sequence to insure that all stations are in control mode and 

(by the tributary station) as the negative reply to the polling sequence. The EOT character 
causes the communication adapter to leave data mode and to enter control mode. EOT 
sent when the adapter is in control mode causes the system to revert to the conditions 
that apply when the network first enters control mode. No characters other than SYN 

can immediately precede the EOT character. 

The EOT character is followed immediately by four contiguous 1 bits. These bits will 
be stored in the next higher position of main storage after the EOT character. Reception 
of an EOT character causes an interrupt request to be generated by the communication 
adapter. 
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Synchronous Idle (SYN) 


This control character is generated automatically by the communication adapter and used 
to keep the sending and receiving stations in synchronism with each other. This character 

is also used by the communication adapter as a time-fill character when the adapter must 
wait for data characters from main storage. SYN characters received from the line are not 
sent to main storage but used only to maintain synchronism. If SYN is one of the characters 
in storage in the transmitting field at the transmitting station, it will be transmitted but 

will be stripped from the message at the receiving station. 


Data Link Escape (DLE) 


This character is used to provide additional communication signals by combining with 
other signals in sequences of two or more characters. See “Data DLE in Transparent Mode.” 


Even Acknowledge (ACK 0) 


This two-character control sequence is a positive acknowledgement by the receiving 
station of the previous transmission block. In data mode it indicates that the block 
check characters that have been received since the last acknowledgement sequence have 
matched the block check characters accumulated by the communication adapter. In 
control mode it is used as a signal that the communication adapter is ready to receive. 
ACK 0 always requires a response by the station that receives it. Receiving an ACK 0 
sequence causes the adapter to generate an interrupt request. 


Odd Acknowledge (ACK 1) 


This control sequence is used only in data mode. It is the positive acknowledgement of 
correct receipt of the odd numbered data blocks of the message. The first block of data 
transmitted by the master station is always the first odd block. Receiving an ACK 1 
causes the communication adapter to generate an interrupt request. 


Wait before Transmit—Positive Acknowledgement (WACK) 


This two-character control sequence is used to indicate that the last data block was 
received correctly but that the receiving station is not ready to continue receiving. It 
can also indicate that a station called on to receive is temporarily unable to receive but 
will be able to receive in a short time. Receiving WACK from the other station causes 
the communication adapter to generate an interrupt request. 


Mandatory Disconnect (DISC) 


This two-character control sequence is used only in switched point-to-point networks. 
The system transmits this signal.to tell the remote station to disconnect from the trans- 
mission lines. When the system receives this signal from the remote station, the communi- 
cation adapter generates an interrupt request. . 


Transparent Start of Text (XSTX) 


This two-character control sequence is used in the same manner as the STX control 
character. When XSTX is transmitted or received, it causes the transparency option to 
become active and disables the non-transparent control functions that are valid data mode 
control characters in non-transparent operation. The XSTX sequence must begin every 
block of transparent text because any of the transparent text block delimiter characters 
returns the communication adapter to the non-transparent operating condition. 


Transparent End of Intermediate Transmission Block (XITB) 


This two-character control sequence is used only in transparent operation to delimit the 
end of a transparent text block for error checking purposes without requiring that the 
receiving station respond immediately with an indication of correctness of reception. It 
operates in the same manner as the ITB control character and causes the communication 
adapter to enter the non-transparent operating condition. 


Transparent End of Transmission Block (XETB) 


This two-character control sequence is used only in transparent mode. It performs the 
same functions as ETB performs in non-transparent operations. XETB causes the communi- 
cation adapter to enter the non-transparent operating condition. 


_ Transparent End of Text (XETX) 


‘ This two-character control sequence is used only in transparent operation. It performs 
the same functions as ETX performs in non-transparent operation. XETX causes the 
communication adapter to enter the non-transparent operating condition. 


Transparent Synchronous Idle (XSYN) 


This two-character control sequence is used in transparent operation to maintain syn- 
chronism between the transmitting station and the receiving station. It can also be in- 
serted as a time-fill character when the communication adapter must wait for data from 
main storage. The XSYN is not stored. XSYN does not cause the communication adapter 
to enter the non-transparent operating condition.. . 
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Reverse Interrupt (RVI) 


This two-character control sequence is used by the slave station to request that the master 
station end its transmission and allow the slave to transmit a priority message. RVI is sent 
as a response to a block of text instead of one of the positive acknowledgement characters. 
RVI implies a positive acknowledgement of the last text block. The master station is 
expected to terminate the transmission immediately or at the earliest time possible after 
transmitting one or more additional transmission blocks. Successive RVI responses are not 
allowed except as responses to ENQ. Receiving RVI causes the adapter to generate an 
interrupt. . 


Temporary Text Delay (TTD) 


This two-character control sequence is used by the master station to inform the slave station 
that there will be a delay that exceeds two seconds in transmitting the next data block or 
that the master station wishes to abort and cancel the transmission in progress. The 

response of the slave station to TTD is NAK. When the communication adapter receives 

a TTD sequence it generates an interrupt request. The forward abort sequence is TTD, 
NAK, EOT. 


Transparent Temporary Text Delay (XTTD) 


This signal is never transmitted by the system communication adapter. It can be received, 
however, from a station that is placed in the transparent operating condition by a switch 
setting. The functions of XTTD are the same as those of TTD. 


Transparent Block Cancel (KENQ) 


This two-character control sequence serves the same function as the ENQ signal serves in 
non-transparent data mode. Ending a text block (which must be in transparent mode) with 
XENQ causes the slave station to discard the text block. When the communication adapter 
receives XENQ, it will generate an interrupt request. Sending or receiving XENQ causes 
the communication adapter to enter non-transparent mode. 


Data DLE in Transparent Mode 


The two-character sequence of two successive DLE characters in transparent mode is 
interpreted as conveying the second DLE as a binary data character rather than as a control 
extension character. The first DLE is discarded and the second is stored in main storage 


- aS a character. 


Change of Direction Characters 


All of the control characters and sequences except the ITB and XITB cause the communi- 
cation facility to expect a change in direction of transmission. When the system is trans- 
mitting, it must transmit a change of direction character as the last character of its 
transmission to allow the slave station to change direction and respond. When the system 
is receiving, receiving a change of direction character causes the communication adapter 
to generate an interrupt request. 


COMMUNICATIONS OPERATIONS 


A communication system performs two basic functions: transmitting messages and receiving 
messages. Each of these functions requires several subfunctions. For transmitting messages 
the subfunctions are: 


1. Establish communication with the remote station. 
2. Transmit the message. 
3.  Ascertain that the remote station received the message. 


‘The subfunctions for receiving are: 


1. | Answer when the remote station attempts to contact you. 

2. Receive the message. 

3. Assure the remote station that you received the message or indicate that the message 
was not received correctly. 


Two operations must be performed before either of the transmit or receive functions can 
be performed. The communication adapter must be enabled and communication adapter 
interruptions must be enabled. 


Message Transmission Operations 


Establishing Contact between Stations—Point-to-Point—Non-Switched 


Establishing contact between stations involves transmitting an ENQ character and waiting 
for a reply from the other station. The three communication adapter local storage registers 
must be loaded with the proper addresses to enable this operation to occur. The current- 
address register is loaded with the storage address of the ENQ character. The transition- 
address register is loaded with the address of the next higher storage address from the ENQ 
address. The stop-address register is loaded with the next higher address from that in the 
transition-address register. 

After the registers are prepared, the start I/O transmit-and-receive instruction is issued. 
The communication adapter performs a cycle steal operation and transmits the ENQ char- 
acter obtained from storage. The current-address register is updated and because the 
current-address register equals the transition-address register, the communication adapter 
leaves the transmit condition and enters the receive condition. . 

When the communication adapter is in the receive condition, the called station may or 
may not respond to the ENQ signal. If the called station responds with a valid control 
character, the communication adapter stores the character in main storage at the location 
specified by the current-address register. After the character is stored, the communication 
adapter generates an interrupt request. The interrupt routine must check for a valid 
response character (ACK 0, NAK, WACK). If the response character is ACK 0, the 
called station is ready to receive and the system can proceed with the message transmission 
phase of the transmit operation. If the response is NAK, the called station is not ready to 
receive and the remote operator must be signaled to prepare the called station for receiving. 
If the response is WACK, the called station is temporarily unable to receive but will be able 
to receive shortly. In this case, the system may retransmit the ENQ signal by reloading the 
address of the ENQ character in the current-address register. The system may also choose 
to cancel the attempt at communications at this time and try again later. If the called sta- 
tion fails to respond with a valid control character, the communication adapter generates a 
receive time-out at the end of three seconds. This time out causes an interrupt request. The 
procedure followed by the interrupt routine depends upon whether the system is the pri- 
mary station in the network or the secondary station. The primary station will normally 
repeat the transmission of the ENQ character immediately. Secondary stations, in order to 
allow the primary station to repeat its signal and be heard if both the primary and second- 
ary stations transmitted the ENQ at the same time, will normally perform a start I/O re- 
ceive instruction before transmitting the ENQ a second time. If no response is received to 

several ENQ signals, the remote operator must be advised to prepare the remote station 
for receiving. 
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Establishing Contact between Stations—Point-to-Point—Switched 


If the system does not have the auto call feature installed, the operator must dial the 


~ number of the remote station with which communication is desired. The auto call feature 


allows a circuit to be established by a program without intervention by the operator. For 
auto call operation, the auto call instruction should be issued as soon as possible after the 
communication adapter is enabled to reduce the possibility of receiving a call before the 
desired call is initiated. The communication adapter local storage registers must be loaded 
before the auto call start I/O instruction. The current-address register must be loaded with 
the storage address of the first digit of the number to be called. The stop-address register 
must be loaded with the address in the current-address register plus the number of digits 
to be dialed. When the call is answered or the auto calling unit determines that the call 
cannot be completed, the communication adapter generates an interrupt request. 

The interruption routine then begins the process of establishing contact between the sys- 
tem and the remote station or abandons the call if the remote station cannot be dialed. 

Whether the circuit between the system and the remote station is established by operator 
intervention or by the auto call facility, the following procedure is used to establish the 
transmission contact between the two stations. The system loads the current-address regis- 
ter with the address of the first character of the calling sequence, loads the transition- 
address register with the address of the next higher position of storage after the last charac- 
ter of the calling sequence, and loads the stop-address register with the address in the 
transition address register plus the number of characters in the response sequence. A 
transmit-and-receive start I/O instruction is then issued. The normal calling sequence is a 
station identification for the calling station followed by an ENQ character or the ENQ 
character alone. The normal response is the station identification of the called station 
followed by ACK 0. This is used to insure that the correct station is contacted. 

Issuing the transmit-and-receive start I/O instruction causes the communication adapter 
to begin cycle stealing and transmitting the characters obtained from storage. The current- 
address register is increased by 1 for each character transmitted. When the current-address 
register equals the transition-address register, the communication adapter stops transmitting 


_and prepares to receive. When the remote station sends its response to the system’s trans- 


mission, the communication adapter steals cycles and stores the response in main storage at 
the addresses specified by the current-address register. When the current-address register 
equals the stop-address register, when the communication adapter detects a valid control 
character in the response, or when no response is received for 3 seconds, the communication 


adapter generates an interrupt request. 


The interruption routine must determine whether the interruption is caused by the nor- 
mal ‘go ahead’ (station identification followed by ACK 0), a negative response (NAK), too 
many characters in the response (no control character before the current-address register 
equals the stop-address register), or no response. _ 

If the interruption is caused by the positive acknowledgement, the program can proceed to 
transmit the message. If the interruption is caused by the NAK response, the initial contact se- 
quence should be retried. If retrying the sequence results in NAK, the remote operator must be 
directed to prepare the remote station for receiving. Too many characters in the response in- 
dicates that the operation should be retried. The stop address should be checked to insure 
that it allows for the correct number of characters in the response. ° 

No response to the transmission indicates that either the remote station is not in condition 
to respond or that the remote station transmitted a request for line control (station identi- 
fication followed by ENQ) at the same time as the system. The action taken by the system 
depends upon whether the system is the priraary station or the secondary station. If the sys- 
tem is the primary station, it should immediately transmit another bid for line control to 
signal the remote station (which will listen longer for a response than will a primary station). 
If the system is the secondary station, it should perform a receive operation to allow the 
primary station more time to bid for the line. If two or more successive line bids result in no 
response, it must be assumed that the remote station is not in condition to receive. An error 
recovery procedure must be executed that allows getting the remote station on line and 
ready to receive. 


Establishing Contact between Stations—Multi-Point 


In multi-point operations the system can operate only as a tributary station. Tributary sta- 
tions do not originate contact between stations but do have responsibilities as contact is 
established. In a multi-point system the tributary stations are allowed to transmit only when 
they are asked if they have messages to transmit. This inquiry for messages by the control 
station is referred to as polling. In order to be available when the control station signals that 
the system will be allowed to transmit, the system should issue a receive-initial start I/O 
instruction. In this operation the communication adapter monitors the data and control 
sequences transmitted over the line. An EOT character transmitted over the line places the 
adapter in control mode and allows it to interpret its own address as an address. The local 
storage register must be prepared for this operation by loading the current-address register 
with the address of the location in storage where the first character received will be stored, 
loading the stop-address register with the address in the current-address register plus one 
less than the number of characters to be received in the initialization sequence, and loading 
the low-order byte of the transition-address register with the single-character address of the 
communication adapter. The station address is transmitted as two identical characters. Bit 2 
of the character (bit 6 of USASCII characters) is ignored in coding the address so that, for 
example, an address BB and an address SS both will operate the same communication 
adapter. The high-order byte of the transition-address register is not used. When the com- 
munication adapter detects its address as the first two characters after an EOT character, 

it begins storing the characters in main storage. When a valid control character is received, 
when the current-address register equals the stop-address register, or when the adapter 

does not receive a character for three seconds, the adapter stops receiving and generates 

an interrupt request. 

The interrupt routine must determine what caused the interruption. The address charac- 
ters will indicate if the address sequence carries permission to transmit (polling) or indicates 
that the control station wishes to transmit (selection). If the interruption is caused by a 
receive time-out or by the current-address equal to the stop-address without a control char- 
acter’s being detected, the interruption routine must determine the cause of the improper 
sequence and correct it. | 

If the communication adapter has received a valid polling sequence, the system begins to 
transmit immediately ; if the system has nothing to transmit, it responds with EOT. 


Data Transmission 


After communications between the stations is established, the system can begin trans- 
mitting. Transmission is begun by a transmit-and-receive start I/O instruction. This in- 
struction uses the current-address register for cycle stealing data bytes for transmission 

by the communication adapter. The transition-address register is used to determine when 
all of the data bytes have been transmitted and when to wait for a reply from the remote 
station. The stop-address register is used to determine when the correct number of charac- 
ters has been received from the remote station. 

Contact between stations is established with both stations in control mode. The messages 
to be transmitted must be framed by control characters to signal the remote station that 
the characters that follow are message characters, not control characters. Either of two con- 
trol characters, depending upon the requirements of the communication system, can be 
used to start the message. If handling or addressing information that is not to be processed 
as part of the text is required for proper message handling, a heading must be included. 
This heading should be preceded by an SOH character to place the communication adapter 
in data mode and to signal that the information that follows is heading data and not part 
of the text. If the heading is very long; it may be desirable to break it up with ITB charac- 
ters to allow heading processing decisions to be made while heading data is still being re- 
ceived. At the end of the heading, an STX character signals the beginning of the text 
proper. Long text can be broken up for checking purposes and to allow processing while 
more data is received by inserting ITB or ETB characters. If the text does not require 
breaking up, it should be ended with an ETX. 
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Sending an ITB causes the communication adapter to transmit its two block check charac- 
ters, but does not require-a reply from the remote station. As soon as the block check char- 
acters have been transmitted, the adapter resumes stealing cycles and transmitting the data 
obtained from storage. If block checking is performed with ITB, no STX is required to start 
the next text block. 

If ETB is used to break up long text, it must be the last character preceding the transition 
address. When the current-address register equals the transition-address register, the com- 
munication adapter stops transmitting and enters receive operation. The remote station 
must check the block check characters sent automatically following the ETB character and 
respond with either a positive acknowledgement character or a negative acknowledgement 
character. A positive acknowledgement character is ACK 0 for even-numbered text or head- 
ing blocks and ACK 1 for odd-numbered text and heading blocks. The negative acknowl- 
edgement character is NAK. If the remote station requires more than two seconds to frame 
a reply, it may send WACK. If no reply is received within three seconds, a receive time-out 
occurs and causes the communication adapter to generate an interrupt request. Reception 
of a valid control character causes the adapter to store that character in main storage and 
generate an interrupt request. 

The interrupt routine must check to determine the cause of the interrupt. If the reply is a 
positive acknowledgement character, it must be checked to determine that it is the correct 
acknowledgement character. Reception of an odd acknowledgement character when an even 
one is expected or vice versa indicates that the remote station missed an entire block or 
missed a control sequence. If the positive acknowledgement character is correct, the system 
must issue another transmit-and-receive instruction either to transmit the next block of text 
or another message, or to transmit an EOT character to indicate that no more messages will 
be transmitted. 

If the positive acknowledgement character is incorrect, the system must retransmit all of 
the message that was transmitted since the last correct positive acknowledgement character 
was received. 

A negative acknowledgement response requires that the message be retransmitted from the 
last valid positive acknowledgement. 

A WACK response requires the system to wait for a short period (the two-second time-out 
function is useful for this) and transmit an ENQ character. The transmit-and-receive instruc- 
tion is used for this so that the system can receive the remote station response. This can be 
a positive acknowledgement character, a negative acknowledgement character, or another 
wait before transmitting character. The actions following this response are the same as those 
detailed previously. If no response is received in three seconds and the receive time-out 
occurs, the system must issue a transmit-and-receive start I/O instruction to transmit an 
ENQ character and receive a reply. 

If negative responses, wait responses, or lack of responses are repeated, the program must 
count the number of such responses. After a fixed number of such responses the program 
should abort the transmission, by disabling the communication adapter, and try again. Such 
an error recovery procedure can also include an alert to the remote station operator that 
trouble is being encountered and that he should check that his equipment is conditioned 
for operation. 

If more than one message is to be transmitted, each message must end with an ETX char- 
acter. This character signals the end of a message and allows the next block of data to 


- begin with an SOH character. 


When all messages have been sent and acknowledged, the system must transmit an EOT 
character to signal that it is relinquishing control of the line. This character does not require 
a reply from the remote station. It does, however, give the remote station permission to 
transmit. The system should leave itself in a condition to receive any messages from the 
remote station. 


Communications Assurance 


As the system transmits its messages to the remote station, the communication adapter 
accumulates checking characters as a function of the number of bits in each character trans- 
mitted. Certain of the control characters or sequences cause the communication adapter to 
transmit these checking characters. The remote station takes one of two actions depending 
upon the character transmitted. 

If the control character is ITB, the remote station compares the block check characters 
to the block check characters it has accumulated from the same data. If the block check 
characters from both stations match, the remote station notes this and continues to receive 
data from the system. If the characters do not match, the remote station notes this condi- 
tion and the system continues to transmit. When the system transmits a control character 
requiring a response, the remote station transmits either a positive acknowledgement, if all 
blocks have been received without errors, or a negative response, if an error has been 
detected in any block. If the remote station is equipped to signal to the system which block 
was in error, the system may retransmit all data beginning with that block. Otherwise, the 
system must retransmit all data from the last correct positive acknowledgement. 

If the control character is ETX or ETB, the remote station compares the block characters 
received from the system with its own block check character. If the characters match, the 
remote station transmits either ACK 0, if the block is an even-numbered block, or ACK 1, 
if the block is an odd-numbered block. The first block transmitted after communications 
is established is always an odd-numbered block. The system must compare the acknowl- 
edgement character to its own record of odd and even blocks and determine that the correct 
response was received. An incorrect response requires the system to perform some error 
recovery routine to determine what information was lost between it and the remote station. 
This information must then be retransmitted. If the block check characters transmitted by 
the system do not match the block check characters accumulated by the remote station, 
the remote station sends a NAK response to an ETB or ETX character. The system must 
retransmit the data block for which the block check characters did not compare. 
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Message Reception Operations 


Establishing Contact between Stations—Point-to-Point—Non-Switched 


In a receiving operation, contact between stations is initiated by the remote station. In order 
to be listening when the remote station attempts to establish contact, the system must have 
the communication adapter in the receive condition. For this purpose a receive-initial start 
I/O instruction is used. For this instruction the current-address register is loaded with the 
storage address of the location where the first character of the initialization sequence is to 
be stored. The stop-address register is loaded with a storage address equal to the current- 
address register plus the number of characters to be received in the initialization sequence. 
In a non-switched network this will be one character. 

After the receive-initial start I/O instruction is issued, the communication adapter waits 
for a signal from the remote station. The first signal from the remote station (after synchro- 
nizing characters are received) should be an ENQ character. This character causes the com- 
munication adapter to generate an interrupt request. In honoring the interrupt request the 
system issues a transmit-and-receive start I/O instruction. The transmit portion (addressed 
by the current-address register) is normally the two-character sequence ACK 0. The 
transition-address register must be loaded with the address of the main-storage location one 
higher than the address of the location of the second character of the ACK 0 sequence. The 
stop-address register must be loaded with the address from the transition-address register 
plus the number of characters expected in the message. . 

If the system is not ready to service the message, the reply to the ENQ character can be 
sent as a transmit-only operation with the character NAK. Transmit-only operation occurs 
when the transition-address register equals the stop-address register in a transmit-and-receive 
start I/O instruction. If the system can service the message within two seconds, the WACK 
character can be used to signal the remote station to try again after a two-second time-out. 


Establishing Contact between Stations—Point-to-Point—Switched 


In a switched network, the contact between stations is also initiated by the remote station. 
The same receive-initial start I/O instruction is used to monitor the communication facility 
for a call. When the communication adapter detects a call, the characters following the 
synchronization characters are placed in main storage starting at the address contained in 
the current-address register and continuing until either a change of direction character is 
received or the current-address register equals the stop-address register. The stop-address 
register must be loaded with the address of the first character storage location plus the num- 
ber of characters to be received in the initialization sequence. The normal initialization 
sequence is a station identification (for the remote station) followed by ENQ. 

When the ENQ is detected, the current-address register equals the stop-address register, or if 
no characters are received for three seconds after a call is recognized, the received character 
is stored and the communication adapter generates an interrupt request. The interruption 
routine must determine the cause of the interruption and generate the proper response. If 
the interrupt is caused by the current-address register’s equaling the stop-address register 
before the ENQ is detected or failure to receive a character within three seconds, the inter- 
rupt routine must perform an error recovery procedure to obtain the correct Anivalizauon 
procedure. 

If the interrupt request is caused by the ENQ character (the normal procedure), the sys- 
tem must execute a transmit-and-receive start I/O instruction to transmit the response to 
the line bid and receive the incoming messages. Normally the transmission consists of the 
system identification followed by ACK 0. If the system is not ready to service the message, 
either NAK or WACK can be substituted for ACK 0 in the sequence. For the start I/O oper- 
ation the current-address register is loaded with the storage location of the first character of 
the station identification, the transition-address register is loaded with the next higher stor- 
age address after the address of the last character of the response sequence, and the stop- 
address register is loaded with the transition-address register contents plus the number of 
characters expected in the message. After sending the response, the communication adapter 
immediately assumes the receiving condition. 


Establishing Contact between Stations—Mul!ti-Point 


As in the other receiving operations and in multi-point transmitting operations, contact 
between stations must be initiated by the control station in multi-point receiving operations. 
To be ready to receive the initialization sequence, the system executes a start I/O receive- 
initial instruction. For this operation the current-address register must be loaded with the 
address where the first character of the initialization sequence will be stored. The transition- 
address register must be loaded with the station address of the system in the low-order byte 
and any character in the high-order byte. The stop-address register must be loaded with the 
contents of the current-address register plus one less than the number of characters in the 
polling/selection sequence. The polling/selection sequence contains two identical charac- 
ters as a station address which can be followed by other identifying characters as necessary. 
For a station address, the 2 bit in the EBCDIC and the 6 bit in the USASCII are ignored when 
comparing the transition-address register to the addressing character from the line. Thus, 

if the address character in the low-order byte of the transition-address register is B, both 
station addresses BB and SS will be recognized as the station address. This characteristic 

can be used to distinguish between polling sequences and selection sequences. 

‘When the communication adapter recognizes its own station address, it stores a sequence 
of characters beginning with the second address character. The sequence is normally two 
address characters followed by ENQ: When the ENQ character is received, the current- 
address register equals the stop-address register, or if no character is received for three 
seconds after the communication adapter recognizes its own address, the communication 
adapter stops receiving and generates an interrupt request. 

If the interrupt request is caused by too many characters in the polling/selection sequence 
or by failure to receive a character within three seconds, the interrupt routine must enter 
an error recovery routine to attempt to obtain a correct polling/selection sequence. 

When the interrupt request is caused by receiving ENQ, the interrupt routine must deter- 
mine if the sequence is polling or selection. If the system is being selected, the correct 
response is ACK 0 if the system is ready to receive; NAK or WACK is the response if the 
system is not ready to receive. This response is transmitted with a transmit-and-receive 
_ start I/O instruction. For this instruction the current-address register must be loaded with 
the address of the response character or characters, the transition-address register must be 
loaded with the next higher address after the response characters, and the stop-address reg- 
ister must be loaded with the contents of the transition-address register plus the number of 
characters expected in the message. 


Message Reception 


The receive portion of the transmit-and-receive operation that follows the initialization 
sequence is used to receive the first message or text block. The message can start with SOH 
followed by heading data or with STX followed by the text proper. If the message contains 
a heading, the heading must be ended by STX. Long text may be broken up by ITB or ETB 
characters. The end of the text of any message is signaled by ETX. When any of the text 
breaking or ending characters is received, the communication adapter compares the block 
check characters that follow such a character to the block check characters the adapter has" 
accumulated from the bits received from the line. Then the communication adapter gener- 
ates an interrupt request. 

The interrupt routine must first check for the cause of the interruption. If the interrupt 
is caused by an ITB character, the adapter has stored the address of the location in storage 
next higher from the location where the ITB character is stored and is continuing to store 
characters in storage as they are received from the line. This enables the system to store the 
transition-address register in order to remember where ae first character of the next trans- 
mission block is stored. 

If the interruption is caused by ETB or ETX, the interrupt routine must frame a reply 
depending upon whether the text was received correctly. This reply is then transmitted to 
the remote terminal with a transmit-and-receive start I/O instruction. 
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When the remote terminal has transmitted its last message, it responds EOT to the sys- 
tem’s positive acknowledgement character response to the remote terminal ETX. This — 
signals the system that the control station is finished and that another receive-initial instruc- 
tion should be issued to the communication adapter to enable it to monitor the line for 
another polling/selection sequence. . 


Data Checking 


As the remote station transmits messages, it accumulates block check characters from the 
count of the bits transmitted. As these bits are received at the system communication 
adapter, the communication adapter accumulates block check characters from the bits it ° 
receives. Each time the remote station transmits an ITB, ETB, or ETX character, it also 
transmits its block check characters. The communication adapter compares these block 
check characters that it receives from the line with the block check characters that it has 
accumulated from the data it has received from the line. If the block check characters accu- 
mulated by the communication adapter do not match the block check characters received 
from the line, a status bit is set. During servicing of the interrupt resulting from an ITB, ETB, 
or ETX character, the program must sample the status bits and determine if the block 
check is correct. 

If the interruption is a result of an ETB or ETX character, the result of the block check 
is transmitted immediately. The positive acknowledgement characters are alternated: 
ACK 0 being transmitted in response to even-numbered blocks and ACK 1 being transmitted 
in response to odd-numbered blocks. The program is responsible for transmitting the cor- 
rect positive acknowledgement. The first block of text transmitted is always considered an 
odd-numbered block. If the wrong acknowledgement character is returned, the remote sta- 
tion assumes that a block of data or control characters was missed and initiates an error 
recovery procedure. 

When block checking is initiated by ITB, the result of the block check is not transmitted 
immediately. Instead, if the block check is satisfactory, the communication adapter con- 
tinues to receive and store characters. If the block check is incorrect, no more data is stored, 
no more ITB interruptions are generated, and the block check status bit is set to indicate 
that a block check error occurred. When the next ETB or ETX interruption is generated, 
the status bits are checked to determine if all data was received correctly. 


Transparent Operation 


Transparent operation allows transmitting and receiving any of the byte structures possible 
in EBCDIC. Transparent operation is entered by preceding the block of text for which 
transparent operation is desired with the XSTX control sequence. 

In transmitting transparent data, the communication adapter inserts a DLE character pre- 
ceding each DLE character that is obtained from storage. This DLE is stripped by the 
receiving adapter and does not enter storage. 

Any character that is to end a block of text (ITB, ETB, ETX, or ENQ) must be placed at 
a location one less than the transition-address register points to. When the transmitting com- 
munication adapter detects a block delimiting character followed by the transition address, 
it inserts a DLE character ahead of the block delimiter to signal that the delimiter is a con- 


_ trol character. The receiving communication adapter discards the DLE after using it to iden- 


tify the control sequence. 

The requirement that the block delimiting character be located one position before the 
transition address is normal operation for ETB, ETX, and ENQ, but it requires some 
changes in ITB operation. Because the ITB character requires no response from the receiv- 
ing station, the normal transmit-and-receive operation is not used. Instead, the transition- 
address register is set equal to the stop-address register for the transmit-and-receive start I/O 
instruction. This results in an instruction that causes a transmit-only operation. Unlike the 
non-transparent mode of operation, though, it requires a new transmit-only operation for 
each transparent data block ending with ITB. 
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Limited Conversational Operation 


In addition to the responses detailed in the sections on transmitting and receiving data, the 
program may accept a message from the remote terminal as a valid positive acknowledge- 
ment of a transmission. As the receiving station, the system may send a message as a valid 
positive acknowledgement of a message. In effect, the stations converse with each other. 
The conversation is limited somewhat, though, by a requirement that no conversational 
reply message can be answered with a conversational reply without at least one intervening 
positive-acknowledgement-character acknowledgement. A message used as a positive 
acknowledgement is counted as an odd or even acknowledgement in the same manner as 
any positive acknowledgement character. Figure 11-6 illustrates a limited conversational 
sequence. 


Receive-Only Operation 


The receive-only operation is defined for those times when no response character should 
precede the receive operation. Such an operation might be the attempt to complete recep- 
tion of a message when a receive time-out occurs. The receive-only operation could also be 
used to eliminate contention in a point-to-point network when both stations want to trans- 
mit at the same time. The secondary station could perform a receive-only instruction after 
its receive time-out in order to listen for the primary station. 

For the receive-only operation the local storage registers are loaded as follows. The 
current-address register is loaded with the address of the storage location where the first 
received character is to be stored. The stop-address register is loaded with the contents of 
the current-address register plus the number of characters expected in the message. For 
recovery from a receive time-out situation, the local storage registers may not require load- 
ing because the time-out should have left them pointing at the correct storage locations. 

The receive operation begins when the start I/O receive instruction is executed. Characters 
received from the line are stored in main storage at the location specified by the current- 
address register. The operation ends and an interrupt request is generated when an ITB, 
ETB, ENQ, or ETX character is received, when the current-address register is equal to the 
stop-address register, or when no character is received from the line for three seconds. The 
actions and responses required in servicing a receive-only operation interruption are the same 
as those specified for receiving data during a transmit-and-receive operation. 


Disconnect Operation 


The communication adapter can be disconnected from the line and operations discontinued 
by issuing a disable BSCA start I/O instruction. The remote station should be notified of the 
system’s intention to disconnect by a transmit-and-receive instruction transmitting the DISC 
control sequence. The communication adapter is automatically disconnected if no heading, 
text, response, or control characters are transmitted or received for 20 seconds. 

Time must be allowed, especially in switched networks, for the disconnection to be com- 
pleted before a new enable BSCA start I/O instruction is issued. The two-second time-out 
function can be used for this purpose. 
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B X B X x K X X T 
1 

A A S (Message) E ‘S (Message) E A 

Cc Cc T T T T Cc 

K K Xx B Xx x K 

1 0 O 


Figure 11-6. Point-to-Point Conversational Exchange 
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COMMUNICATION ADAPTER INSTRUCTIONS 


Start 1/0 


Mnemonic: SIO 


Op Code O Byte 


pee eb 


Control Code 


Operation: The start I/O instruction is used to initiate all communication adapter opera- 
tions. If the communication adapter is busy or is not ready for any reason except for unit 
check, the program will loop on the start I/O instruction until the communication adapter 
becomes not busy or is made ready. If the start I/O instruction is issued when the com- 
munication adapter is in the not ready condition, the BSCA I/O attention light on the 
keyboard-console will light. Correcting the not ready condition causes the instruction to be 


executed. 


_ The Q byte specifies the communication adapter as the I/O unit that is to operate and 
specifies the function to be performed. Bits 0 through 3 of the Q byte are the device address 
for the BSCA. This is always 8. Bit 4 is a modifier bit that is always O for the communica- — 


tion adapter. 


Bits 5 through 7 of the Q 
‘to be performed as follows: 


Bits Operation 


567 
000 Control 


001 ~~ Receive only 


010 Transmit and receive 


011 Receive initial 
100 = Auto call 


101 Invalid 


110 Loop test 


111 Invalid 


byte are called the N code. The N code specifies the operation 


Specification of an invalid N code causes the processing unit to stop with the processor- 


check and invalid-Q indicators on. 


The third byte of the instruction is a control code. It is used to cause communication 


adapter control functions as follows: 


- Control Code 
Bit 7 = 1 
Bit 7=0 
—«éBit6=1 

Bit 6=0 
Bit5=1 

Bit 5=0 
Bit 4 
BitO=0 


BitO=1 AND 


“Bit 3=1 
Bit 3=0 
Bit 2=1 
Bit 2=0 
Bit 1=1 
Bit 1=0 
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Function 


Reset interrupt request. 
None. 

Enable interrupt. 

Disable interrupt. 

Start two-second time-out. 
Cancel two-second time-out. 
Reserved. 

None. 

Enable step mode. 

Disable step mode. 

Enable test mode. 

Disable test mode. 

Enable BSCA. 

Disable BSCA. 


Control Function: The N code that specifies the control function provides only the func- 
tions specified by the control code. This is the only instruction that can initiate the two- 
second time-out function. 


Receive-Only Function: This operation accepts characters from the line and places them 
in storage at the location designated by the current-address register. The current-address 
register is updated plus one each time a character is stored. Receive-only operation ends 
when a change of direction character is received from the line, when the current-address 
register equals the stop-address register, or when no character is received from the line for 
three seconds. 

Any of the control functions except start or cancel two-second time-out functions can be 
initiated by this instruction. In a non-switched network, the enable function must have 
been issued at least two seconds before the receive instruction. 


Transmit-and-Receive Function: This function takes characters from storage at the loca- 
tion designated by the current-address register and transmits them on the line to the 
remote station. The current-address register is updated plus one for each character trans- 
mitted. The last character to be transmitted must be a change of direction character and 
must be at an address one less than that contained in the transition-address register. 

When the current-address register has been updated to equal the transition-address regis- 
ter, the communication adapter stops transmitting and begins receiving characters from the 
line and storing the characters in main storage at the location specified by the current- 
address register. The current-address register is updated plus one for each character stored. 

The operation ends and an interrupt request is generated when a change of direction 
character is received, the current-address register equals the i a register, or no 
character is received for three seconds. 

Any of the control functions except start or cancel two-second time-out can be initiated 
by this instruction. In a non-switched network, the enable BSCA should be performed at 
least two seconds before the transmit-and-receive instruction is issued. 

The transmit-and-receive instruction can be used as a transmit-only instruction by setting 
the transition-address register equal to the stop-address register. The transmit-and-receive 
instruction with a zero length transmit field (initial value of the current-address register and 
the transition-address register the same) is not allowed. At least one character must be used 
in the transmit field to provide the change of direction in the line for receiving. 

The transmit-and-receive function is provided so that short line-turnaround times can be 
accommodated. The transmit-and-receive instruction should be used in all transmit initial- 
contact sequences because the remote station can respond too quickly to be heard if an 
interrupt routine must be processed before the receive operation begins. 


Receive-Initial Function: This instruction is used as a standby to allow the remote station 
to establish contact in order to transmit a message. This function is the only one that can 
be used for establishing contact in multi-point networks. In this operation the communica- 
tion adapter monitors the line until an initialization sequence is begun. When the communi- 
cation. adapter receives the initialization sequence, it stores the characters received in the 
location specified by the current-address register. The current-address register is updated 
plus one for each character stored. The operation ends and an interrupt request is generated 
when a change of direction character is received, the current-address register equals the 
stop-address register, or no character is received for three seconds after the initialization 
sequence is begun. Any of the control functions except start or cancel two-second time- 
out can be combined with this instruction. In a non-switched network the enable BSCA 
function should precede the receive-initial instruction by at least two seconds. 
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Auto Call: This function is provided as an optional feature in the communication adapter. 
In operation, the communication adapter takes the number to be called, one byte at a time, - 
from storage locations specified by the current-address register. These numbers are sent to 
an auto calling unit that dials the number of the remote station. The current-address register 
is updated plus one for each byte transferred. When the current-address register equals the 
stop-address register, the communication adapter stops sending bytes to the auto calling 
unit and waits for an indication of the line connection’s having been established or of the 
call’s having been cancelled. If the connection is established, the adapter is signaled to end 
the operation. If the call is aborted, the time-out status bit is set and the operation is ended. 
At the end of the operation an interrupt request is generated. Any of the control functions 
except start or cancel two-second time-out or enable BSCA can be combined with this 


operation. | 


Loop Test Function: The loop test function is used by the CE to test the functioning of 
the communication adapter. It is of no use to a problem programmer. 


Reset Interrupt Request, Enable Interrupt, and Disable Interrupt Control Functions: These 
control functions are used to allow or disallow the communication adapter to interrupt the 
main program stream and to end the interruption once it has occurred. The communication 
adapter operates on interrupt level 2. Two kinds of interruptions can occur from the com- 
munication adapter: an ITB interruption and an operation-end interruption. The interrup- 
tion routine must determine with the test-I/O-and-branch instruction which kind of interrup- 
tion occurred. 

The ITB interruption occurs only when an ITB character is received. The interruption will 
not occur unless the block check characters indicate that everything to that point was 
received correctly. When the ITB interrupt occurs, the transition-address register must be 
stored to indicate the point at which the new data begins in storage. All the data up to but 
not including this address is the data that is to be processed. The status bytes are not sensed 
during an ITB interrupt because the bits in the status bytes apply to the data being received 
rather than the data that has been received (for ITB operation only). . 

Op-end interruptions occur at the end of all the functions controlled by the N code. In 
addition, the two-second time-out causes an interruption two seconds after the start I/O 
two-second time-out instruction is executed. Op-end interruption routines normally sense 
the status bytes to determine the status of the last transmission. The status bytes are valid 
for op-end interrupts because no data is transferred between the interrupt request and the 
operation of the interrupt routine. 

Certain timing considerations must be considered when handling communications adapter 
interruptions. Because the communication adapter continues to receive data from the 
remote station during ITB interrupt routine servicing, the interrupt routine must be timed 
so that all processing is completed and the interrupt routine completed before the next ITB 
character is received. The processing time available is a function of the data rate of the 
modem used. Extra time must be allowed in the interrupt routine to account for any time 
that may be required by cycle steals from the data being received and from other I/O units. 

Executing a start I/O disable interrupt (control code bit 6 = 0) when an interruption 
routine is in progress resets the interrupt request and ends the interruption routine. 


Start and Cancel Two-Second Time-Out Functions: These two control functions are the 
only ones that cannot be combined with other functions of the start I/O instruction. The 
start function causes the communication adapter to measure two seconds of time then 
cause an op-end interruption. The cancel function causes the two-second time-out to be _ 
ended when the start I/O instruction is executed. 


Enable—Disable Step and Test Mode Functions: These are diagnostic functions useful to 
the customer engineer but of no interest to the problem programmer. 


Enable—Disable BSCA Control Functions: The enable BSCA function causes the communi- 
cation adapter to become operable and allows it to connect to the modem and perform 
data handling functions. The disable BSCA function deconditions the adapter and discon- 
nects it from the data set. | 


Load 1/0 


Mnemonic: LIO 


Op Code OQ Byte Operand Address 


[ete 
ses Sh 


Operation: The contents of the two-byte field addressed by the operand address are placed 
in the register specified by the Q byte. The operand is addressed by its rightmost byte. | 
_ The Q byte contains a device address (always 8 for the communication adapter) in the 
high-order four bits, an M bit of 0, and an N code. The N code specifies the register to be 
loaded as follows: , 


N Bits Register 


567 

000 Invalid 

001 Stop-address register 

010 Transition-address register 

011 Invalid 

100 Current-address register 

101 Invalid 

110 Current-address buffer (diagnostic function) | 
111 Invalid 


Specification of an invalid N code or an M bit of 1 results in processor check stop with an 
invalid-Q-byte indication. 

The current-address buffer specified by N code 110 is not a true register but a diagnostic 
function that is used by the CE to repeat a character n times for testing purposes. 

If a load I/O instruction is issued when the communication adapter is busy, the processing 
unit loops on the load I/O instruction until the busy condition no longer exists. 
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Test I/O and Branch 


Mnemonic: TIO 


Op Code Q Byte Branch to Address 


| \ 
See) 


Operation: The conditions specified by the Q byte are tested. If the specified condition 
exists, the next instruction is taken from the address specified by the branch-to address and 
the next sequential instruction address is placed in the address recall register. If the condi- 
tion specified does not exist, the next sequential instruction is taken and the branch-to 
address is placed in the address recall register. The address recall register will not be changed 
until the next decimal, insert-and-test-characters, or branch instruction is executed. 

The Q byte contains a.device address (always 8 for the communication adapter) in the 
high-order four bits, an M bit of 0, and an N code. The N code specifies the condition to be 
tested as follows: 


N Bits Condition Tested 


DOF 
000 Not ready/unit check 
001 Op-end interrupt 
010 Busy 

011 ITB interrupt 

100 Interrupt pending 
101 Invalid 
110 New data 
111 Invalid 


Specification of an invalid N code or an M bit of | results in a processor-check stop with an 
invalid-Q-byte indication. 

The current-address buffer specified by N code 110 is not a true register but a diagnostic 
function that is used by the CE to repeat a character n times for testing purposes. 

If a load I/O instruction is issued when the communication adapter is busy, the processing 
unit loops on the load I/O instruction until the busy condition no longer exists. 


1. Ina point-to-point non-switched network the adapter becomes busy as soon as the 
adapter is synchronized with a remote station. 

2. ‘Ina point-to-point switched network the adapter becomes busy as soon as the modem 
indicates that it has received a call. 

3. Ina multi-point network the adapter becomes busy when it recognizes its own address 
in control mode. 


Unit check means that one of the status bits in status byte 2 is on. 
New data is a diagnostic condition of no interest to the problem programmer. 


Program Note: Testing op-end interrupt or ITB interrupt with the test I/O and branch 
instruction resets the interruption identifier bits in the communication adapter. 


Advance Program Level 


Mnemonic: APL 


‘“OpCode QByte 


Tr [es flnfvar 


Operation: The conditions specified by the Q byte are tested. If the specified condition 
exists, the program loops on the advance program level instruction until the specified con- 
dition no longer exists. If the specified condition does not exist, the next sequential instruc- 
tion is executed. 

The Q byte contains a device address (always 8 for the communication adapter) in the 
high-order four bits, an M bit of 0, and an N code. The N code specifies the condition to be 
tested as follows: 


N Bits Condition Tested 


567 . 
000 Not ready/unit check 
001 Op-end interrupt 
010 Busy 

011 ITB interrupt 

100 Interrupt pending 
101 Invalid 

110 New data 

111 Invalid 


Specification of an invalid N code or an M bit of 1 causes a processor-check stop with 
an invalid-Q-byte indication. 
New data is a diagnostic condition that occurs only in test mode and is of no interest to 
the problem programmer. | | 
The communication adapter becomes busy under different conditions, depending upon 
the kind of operation that is being performed. For all operations except receive initial, the 
adapter becomes busy as soon as the start I/O instruction is accepted. It remains busy until 
the operation ends. For receive initial operations, the following conditions cause busy. 


1. Ina point-to-point non-switched network the adapter becomes busy as soon as the 
adapter is synchronized with the remote station. 

2. . Ina point-to-point switched network the adapter becomes busy as soon as the modem 
indicates that it has received a call. : 

3. Ina multi-point network the adapter becomes busy when it recognizes its own address 
in control mode. 


Unit check means that one of the bits in status byte 2 is on. 
Program Notes: 


1. Testing op-end interrupt or ITB interrupt with the advance program level instruction 
resets the interruption identifier bits in the communication adapter. 

2. The advance program level instruction should not be used to test for not ready/check 
or new data. If either of the conditions exists when the instruction is executed, 
the system loops on the advance program level instruction with no indication to 
the operator that no data is being processed. 
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Sense I/O 
Mnemonic: SNS 


Op Code Q Byte Operand Address 


ba oS ye I 
i ee ee 
+ J 


Operation: The contents of the register specified by the Q byte are stored in the two-byte 
field addressed by the operand address. The operand is addressed by the rightmost byte. 

The Q byte contains a device address (always 8 for the communication adapter) in the 
high-order four bits, an M bit of 0, and an N code. The N code specifies the register to be 
stored as follows: 


N Bits Register 


567 

000 Diagnostic 

001 Stop-address register 
010 Transition-address register 
011 Status bytes 

100 Current-address register 


101 Invalid 
110 CRC/LRC buffer 
111 Invalid 


Specification of an invalid N code or an M bit of 1 causes the processor-check stop with an 
invalid-Q-byte indication. 

The diagnostic and CRC/LRC buffer functions are used by the customer engineer for 
servicing the adapter. They are of no interest to the problem programmer. 
_ The status bytes are bit significant as illustrated in Figure 11-7. Byte 1 is stored in the 
storage location addressed by the operand address; byte 2 is stored in the next lower 


- storage location. 


The time-out bit is turned on by two conditions: 


1. No data is received during a receiving operation for three seconds. 


' 2. An auto call operation is terminated by an abandon-call-and-retry signal from the 


auto calling unit. This indicates that the call was not answered. 


The time-out bit is reset off by any non-control start I/O instruction. 
The CRC/LRC/VRC status bit is set on during a receive operation with the adapter i in 
the busy state and synchronized when: © 


1.‘ The block check character received from the line does not match the block check 
character generated by the adapter. 

2. | AUSASCII character is received with incorrect seitieal redundancy. USASCII char- 
acters with VRC checks are stored with a 1 bit in the high-order bit position of the 
byte. Characters with a VRC check are never recognized as control characters by 
theadapter. 


The CRC/LRC/VRC bit is turned off by any non-control start I/O instruction. 
The adapter-check-on-transmit bit is turned on during a communication adapter transmit 
operation by incorrect parity detected in certain of the adapter circuits or by the 


_ processing unit’s allowing a cycle steal before the preceding character is transmitted by 


the adapter. The bit is turned off by any non-control start I/O instruction. Adapter-check- 
on-transmit causes operation to end and causes an immediate op-end interrupt. 


The adapter-check-on-receive bit turns on during a communication adapter receive 
operation if incorrect parity is detected in the adapter circuits or if a cycle steal is not 
allowed in time to store a character before it is destroyed by an incoming character. 
Adapter-check-on-receive does not end the receive operation. The bit is turned off by 
any non-control start I/O instruction. 

The invalid-USASCII character bit is turned on if an adapter with USASCII code detects 
a1 bit in the high-order position of a byte obtained from storage during a transmit opera- 
tion. The bit is turned off by any non-control start I/O instruction. 

The abortive-disconnect bit is turned on in a switched network if the data-set-ready line 
comes on then goes off when the BSCA is enabled. Turning on and off the data-set-ready 
line indicates the release of the connection and causes the data terminal ready line to 
turn off. The abortive-disconnect bit must be reset by issuing a disable BSCA start I/O in- 
struction. Sufficient time must be allowed by the program for a forced disconnect to occur 
before the communication adapter is enabled for a retry operation. The two-second time- 
out function can be used to assure this. 

The disconnect time-out bit turns on if no heading, text, response, or control transmission 
occurs from either station for 20 seconds. This bit is reset off by a start I/O disable 
BSCA instruction. 

The data-set-ready condition bit is set on when the data set ready signal is detected and 
latched on. The bit is turned off if data set ready comes on and turns off when the 
communication adapter is enabled or the BSCA is disabled. 

The data-line-occupied bit turns on when the auto calling unit signals that the data line 
is occupied. When this bit is on, a start I/O auto call instruction or start I/O receive-initial 
instruction will loop on itself until the line is unoccupied. No start I/O auto call or 
receive-initial instruction should be issued in an interrupt routine when this bit is on. 










Byte 1 Low Order 





Byte 2 High Order 
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Not Assigned Data Line Occupied 


Figure 11-7, Status Bit Significance 
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At the end of every transmit and/or receive operation a test I/O for unit check should be 
performed. If unit check is detected, the sense I/O for status bytes should be performed. 
Testing of the status bits and the procedures for recovering from the errors should be 
performed in the order given. 


Invalid USASCI! Character, Byte 2 Bit 4 
‘This bit need not be tested if the adapter is not operating with USASCII code. If the bit 


is on, the operation must be restarted by operator intervention. 


Lost Connection or Disconnect Time-Out, Byte 2 Bits 5 and 6 


When either of these bits is on, the operation must be restarted by the operator. 


Adapter Check on Transmit or Receive, Byte 2 Bits 2 and 3 


When either of these bits is on, the operation must be restarted by the operator. 


Time-Out, Byte 2 Bit O 


Recovery procedure when this bit is on depends on the mode of operation of the adapter 
at the time. 


1. ‘If the adapter is in control mode (attempting to establish communications or 
listening for the other station to call) or performing an auto call operation, it should 
retry the operation at least seven times. If no correct response is received, the opera- 
tor must intervene to establish communications. 

2. If the adapter is operating as a slave (receiving a message), the program must issue 
the receive portion of the previous operation at least 7 times. If the message cannot 
be received completely, the operator must intervene to obtain correct operation. 

3. If the adapter is operating as the master (transmitting the message), the program must 

execute a start I/O transmit-and-receive instruction transmitting the ENQ character 
and attempting to receive a response. If no response is received during at least seven 
retries, the operator must intervene to obtain the correct operation. 


CRC/LRC/VRC, Byte 2 Bit 1 


Recovery procedures when this bit is on depend upon the mode of operation of the adapter 
at the time. 


1. If the adapter is in the control mode, the program should retry the last operation at 
least seven times. If no correct response can be obtained, the operator must intervene 
to obtain the correct operation. 

2. If the adapter is operating as the slave, the program should issue a transmit-and-receive 
start I/O instruction transmitting the NAK character and receiving the last block of 
data again. If the data cannot be received correctly in at least seven retries, the 
operator must intervene to obtain correct operation. 

3. If the adapter is operating as the master, the program must issue a transmit-and-receive 
start I/O instruction transmitting the ENQ character and receiving a response charac- 
ter. If a response character without an error cannot be received, the operator must 
intervene to obtain the correct operation. 


Program-Detected Errors 


After the program has tested for adapter-detected errors, it must check for correct response 
characters. The correct response characters and the error recovery procedure, if the response 
is incorrect, depend upon the mode of operation of the adapter. 


1. | When the adapter is the slave, the abnormal response is an absence of an initial STX 
character to any block of text ended by an ETB or ETX. Another abnormal response 
is the absence of an ETB or ETX or ENQ character at the end of a block of text sig- 
naled by an op-end interrupt. This can occur if the current-address register reaches the 
value of the stop-address register before the ETX or ETB or ENQ character is received. 
The program must issue the receive portion of the last operation at least seven times. 
If no correct operation can be accomplished after seven retries, the operator must 
intervene to correct the error. . 

2. When the adapter is operating as the master, and the recovery procedure for the time- 
out bit is performed with a response character received, and the response character is 
not the correct ACK sequence (ACK 0 or ACK 1), perform the following: 

a. Transmit and receive, transmitting the last text sent and listening for a response. 

b. If the response is not received before time-out occurs, the time-out procedure is 
repeated and the response character checked. 

c. Continued incorrect response characters after time-out result in actions a and b 
until the number of retries specified for the time-out recovery attempt has been 
reached. The error then requires operator intervention. 

3. If the adapter is operating as the master and any response other than the correct ACK 
sequence or the EOT character is received: 

a. Transmit and receive the ENQ character and the response once. If the invalid 
response recurs, the operator must intervene. If the response is NAK, do step b. 

b. Transmit and receive the last text and response at least seven times. If the correct 
response is not received in seven retries, the operator must intervene. 


INSTRUCTION REJECT AND ATTENTION CONDITIONS 


Certain conditions cause the attention lights on the operator console to light and/or 
instructions to be rejected. Rejecting an instruction causes the system to loop on the 
rejected instruction until the instruction reject condition is no longer present. 


DBO Parity Check 


This condition affects all communication adapter instructions. It causes the processing unit 
to stop with a processor-check stop indication and a DBO check indication. 


Invalid N Code 


This condition affects all communication adapter instructions. It causes the processor-check 
stop with an invalid-Q indication. 


Data Set Ready Latch Off 


This condition affects the receive, transmit-and-receive, and receive-initial operations for 
non-switched point-to-point and multi-point networks. The condition can be tested with a 
test-I/O-and-branch-on-not-ready instruction. This condition sets status byte 1 bit 6 on. If 
one of the affected instructions is given with this condition present, the instruction is 
rejected, the I/O attention indicator on the keyboard console is turned on, and the BSCA 
attention indicator is turned on. 
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ACU Power Off or Data Line Occupied On 


These conditions affect auto-call and receive-initial instructions in switched networks. The 
conditions can be tested by the test-I/O-and-branch-on-not-ready instruction. Data line 
occupied also turns on status byte 1 bit 7. If one of the affected instructions is given with 
this condition present, the instruction is rejected and the BSCA I/O attention indicator on 
the keyboard-console is turned on. 


Busy 


This condition affects all load I/O instructions except current-address buffer and all start 
I/O instructions except control. This condition can be tested with the test-I/O-and-branch- 
on-busy instruction. If an affected instruction is issued with this condition present, the 
instruction is rejected. 


BSCA Disabled or External Test Switch On and Test Mode Disabled 


These conditions affect all start I/O instructions except control. The conditions can be tested 
with the test-I/O-and-branch-not-ready instruction. If the affected instructions are issued 
with this condition present, the instruction is rejected and the BSCA I/O attention indicator 
on the keyboard-console is turned on. 


Data Set Ready Latch On and Data Set Ready Off 


This condition does not reject any instructions. It turns on the BSCA I/O attention indicator 
on the keyboard-console. 


BSCA OPERATOR’S PANEL (Figure 11-8) 
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This panel is installed only when the binary synchronous communication adapter special 
feature is installed. It is installed at the front of the left side of the processing unit and is 
visible to the operator through a cut-out in the cover. 

BSCA ATTN 


This light (on the keyboard-console) turns on when I/O attention is caused by a condition 
in the communication adapter. The indicator on the BSCA panel is nonfunctional. 


Unit Check 
This light turns on when any bit in the status bytes is on. 


DT TERM Ready 
This light indicates that the modem is ready for use. 


Clear to Send 


This light indicates that the clear-to-send line from the modem is on and that the adapter 
may now transmit. 


Receive Trigger 


‘This light indicates the status of the receive trigger. The light is on when the trigger is at a 


binary zero state. 


TSM Trigger 


This light indicates the status of the transmit trigger. The light is on when the trigger is at a 
binary zero state. 
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Figure 11-8, BSCA Operator’s Panel 


Receive Mode 


This light indicates that the adapter has been instructed to perform a receive operation. 


TSM Mode 


This light indicates that the adapter has been instructed to perform a transmit operation. 


Receive Initial 


This light is turned on by a receive-initial instruction. It is turned off at the end of the 
receive-initial operation. 
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Busy 


This light indicates that the communication adapter is executing a receive-initial, transmit- 
and-receive, auto call, receive, or loop test instruction. 


CHAR Phase 


This light indicates that the adapter has established character sync with the transmitting 
station by receiving two successive SYN characters. The light is turned off at the end of the 
receive Operation. ; 


Data Mode 


- This light is turned on by the decode of an SOH or STX during a transmit or receive opera- 


tion. It is turned off at the end of the transmit or receive operation. 


Digit Present 


This light indicates that a digit has been obtained from storage when the auto call feature 
is installed. . 


Control Mode 


_ This light is turned on by an EOT sequence during a transmit, receive, or a receive-initial 


monitor operation when the station select feature is installed. It is turned off by decode of 
an SOH or STX. 


ACU PWR Off 


This light indicates that the auto calling unit has power off when the auto call feature is 
installed. 


Call Request 


This light indicates that the communication adapter has received an auto call instruction 
and is performing an auto call operation when the auto call feature is installed. 


“DT Line in Use 


This light indicates that the data-line-occupied line from the auto calling unit is on. 


Test Mode 
This light indicates that the program has placed the adapter in a test mode of operation. 


EXT Test SW - 


This light indicates that the switch at the modem end of the low-speed modem cable is in 
the test position. For high-speed modems this indicator will be active when the local loop 
switch is in the test position. 


DT Set Ready 


This light indicates that the data-set-ready line from the modem is on and the modem is 
ready for use. 


Rate Select Switch 


This switch is present only on the World Trade Corporation systems with the rate selection 
optional feature installed. 


LCA OPERATOR’S PANEL (Figure 11-9) 


This panel is installed only when the local communications adapter special feature is installed. 
It is installed at the front of the left side of the processing unit and is visible to the operator 
through a cut-out in the cover. 
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ATTN 


TSM 
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RECEIVE 
MODE 
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DT TERM 
READY 
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CHAR 
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DT SET 
READY 


EXT 
TEST SW 


TSM 
TRIGGER 


RECEIVE 
TRIGGER 


UNIT 


— INITIAL CHECK 


CONTROL 
MODE 





Figure 11-9. LCA Operator’s Panel 


LCA ATTN 


This light (on the keyboard-console) turns on when I/O attention is caused by a condition 
in the communication adapter. The indicator on the LCA panel is nonfunctional. 


Unit Check 


This light turns on when any bit in the status bytes is on. 


DT TERM Ready 


This light indicates that the LCA is ready for use. 


Clear to Send 


This light indicates that the clear-to-send line from the LCA is on and that the adapter may 
now transmit. 


Binary Synchronous Communication Adapter 11-37 


11-38 


Receive Trigger 


This light indicates the status of the receive trigger. The light is on when the trigger is at a 
binary zero state. 


TSM Trigger 


This light indicates the status of the transmit trigger. The light is on when the trigger is at 
a binary zero state. 


Receive Mode 


This light indicates that the adapter has been instructed to perform a receive operation. 


TSM Mode 


This light indicates that the adapter has been instructed to perform a transmit operation. 


Receive Initial 


This light is turned on by a receive-initial instruction. It is turned off at the end of the 
receive-initia]l operation. 


Busy 


This light indicates that the communication adapter is executing a receive-initial, transmit- 
and-receive, auto call, receive, or loop test instruction. 


CHAR Phase 


This light indicates that the adapter has established character sync with the transmitting 
station by receiving two successive SYN characters. The light is turned off at the end of the 
receive operation. 


Data Mode 


This light is turned on by the decode of an SOH or STX during a transmit or receive 
operation. It is turned off at the end of the transmit or receive operation. 


Control Mode 


This light is turned on by an EOT sequence during a transmit, receive, or a receive-initial 


monitor operation. It is turned off by decode of an SOH or STX. 


Test Mode 


This light indicates that the program has placed the adapter in a test mode of operation. | 


EXT Test SW 


This light indicates that the switch at the LCA end of the cable is in the test position. 


DT Set Ready 


This light indicates that the device attached to the LCA feature is ready for operation. 


BSCA/LCA CE Controls 


The following two switches are located on the CE panel. 


BSCA Step Key 


This key is effective only when the BSCA or LCA is in test mode and step mode 
simultaneously. It causes the communication adapter to advance one bit time for each 


key depression. 


Local Loop Test Switch 


This toggle switch sets the high-speed modem into local test mode and causes data to be 
wrapped around through the modem with the start I/O loop test instruction. (This switch 
is not used with the LCA feature.) 


Binary. Synchronous Communication Adapter 11-39 


11-40 


Appendix A. Instruction Formats 


Zero and Add (ZAZ) 
Op Code Q Byte Operand Addresses (2 to 4 Bytes) 


———-4 


Add Zoned Decimal (AZ) 
Op Code Q Byte Operand Addresses (2 to 4 Bytes) 


ap fe iG mote 
Se al 


Subtract Zoned Decimal (SZ) 


Op Code QByte Operand Addresses (2 to 4 Bytes) 
fa a a 


Pe ete 
es ed ee eI 


Add Logical Characters (ALC) 


Op Code OQ Byte Operand Addresses (2 to 4 Bytes) 


aes me toed 


Subtract Logical Characters (SLC) 
Op Code QO Byte Operand Addresses (2 to 4 Bytes) 


fee a ! 
te SS 


Add to Register (A) 
Op Code QByte Operand Address 
pve tof] Tf. 
eee | 
Move Hex Character (MVX) 
Op Code OQByte Operand Addresses (2 to 4 Bytes) 


bac ge ert oe} 
ee ! 
> ee 


Instruction Formats 


A-l 


A-2 


Move Characters (MVC) 


Op Code OQByte Operand Addresses (2 to 4 Bytes) 


a es 
bt eh ate ul 
Edit (ED) 
Op Code QByte Operand Addresses (2 to 4 Bytes) 
= ee oe ol 
eee Ge Ue de eho ae 
tia ere all 
Insert and Test Characters (ITC) 


Op Code QO Byte Operand Addresses (2 to 4 Bytes) 


Move Logical Immediate (MVI) 
Op Code QByte Operand Address 


Set Bits On Masked (SBN) 


OpCode OQ Byte Operand Address 


Spo oe ve 1 
es ee 


Set Bits Off Masked (SBF) 


Op Code O Byte Operand Address 


| 


Store Register (ST) 


Op Code Q Byte Operand Address 


Load Register (L) 


Op Code OQByte Operand Address 


Load Address (LA) 


Op Code QByte Operand 


Compare Logical Characters (CLC) 


Op Code OQ Byte Operand Addresses (2 to 4 Bytes) 


Compare Logical Immediate (CLI) 


Op Code OQ Byte Operand Address 


aE aq 
ee ee 
al 


Test Bits On Masked (TBN) 


Op Code OQ Byte Operand Address 


Test Bits Off Masked (TBF) 
Op Code OQ Byte Operand Address 


Pr rahe? 7 
Pv [me TY 
i 


Branch On Condition (BC) 


Op Code OQ Byte Branch Address 


Jump On Condition (JC) 


Op Code QByte Control Code 


ee ee 


Halt Program Level (HPL) 


Op Code Halt Identifier 


Instruction Formats A-3 


A-4 


Start 1/0 (SIO) 


Op Code Q Byte Control Code 


F3 DA IM N 


Sense 1/0 (SNS) 


Op Code OQ Byte Operand Address © 


’ 7a TFT 
Yo DA IM! N 


| 


Load 1/0 (LIO) 
Op Code Q Byte Operand Address 


te ott 
Y1 DA IMI N ! 


2/2) 


Test 1/O and Branch 


Op Code QByte Operand Address 


rt ae ats = aed 
2 [ominy | 


Advance Program Level 


OpCode QByte 


i ' 
DA im! N] Not Used 


Appendix B. System/3 Model 6 Codes 





Binary Card Code {| Printer Keyboard Display } Communication| Decimal{ 80-Column 
Value (Note 3) Graphic | Graphic Key — | Station Adapter Value Code (Note 3) 
(Note 1)] (Note 3)} (Note 2) Graphic Character 





00000000 No punches | Blank Blank No punches 


00000001} BA 1 A A 12 


00000010} BA 2 . 12 
00000011 


00000100 
00000101 
00000110 
00000111 
00001000 
00001001 


00001010 

00001011 

00001100 | BA84 

00001101 | BA84 1 

00001110 | BA842 

00001111 | BA8421 

00010000 ),C-16 


00010001 Z + Inquiry 
, Request 


00010010 @ 

00010011 

00010100 $ 
00010101 %.Return 
00010110 ¢,Backspace 
00010111 

00011000 


00011001 


00011010 


System/3 Model 6 Codes __—B-1 


Value (Note 3) Graphic } Graphic Key Station Adapter Code (Note 3) 


Hex Binary Card Code} Printer Card Keyboard Display } Communication| Decimal] 80-Column 
Value 

(Note 1) | (Note 3)]| (Note 2) Graphic Character 
'1B 


00011011 
00011100 
00011101 


00011110 


00011111 = 


00100000 zs 
00100001 / 
00100010 s 
00100011 
00100100 Q- 
00100101 | R 
00100110 S 
00100111 x T 
00101000 | yY | ou : 
00101001 a a ae 
00101010 (Note 4) |}(Note 5)} = W 
00101011 ; X 

io 


00101100 
00101101 
00101110 
00101111 
00110000 
00110001 
00110010 
00110011 
‘00110100 
00110101 
00110110 
00110111 
00111000 
00111001 
00111010 


00111011 





B-2 


Binary 
Value 
00111100 
00111101 
00111110 


00111117 


01000000 


01000001 
01000010 
01000011 
01000100 
01000101 
01000110 
01000111 
01001000 
01001001 
01001010 
01001011 
01001 100 
01001101 
01001110 
01001111 
01010000 
01010001 
01010010 
01010011 
01010100 
01010101 
01010110 
01010111 
01011000 
01011001 
01011010 


01011011 


Card Code | Printer Keyboard Display |Communication |Decimal. 80-Column 
{Note 3) Graphic | Graphic Key Station Adapter Value Code {Note 3) 


(Note 1) | (Note 3) | (Note 2) Graphic} Character 


pat 


al [ 
O 
© 
©O 
© 
O 
ua 
3 a 


76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
bee 


System/3 Model 6 Codes 


Ct o 





B-3 


B-4 


Hex 
Value 


5C 


Binary 
Value 
01011100 
01011101 
01011110 
01011111 
01100000 
01100001 
01100010 
01100011 


01100100 


01100101: 


01100110 
01100111 
01101000 


017101001 


01101010 |. 


01101011 


01101100. 


01101101 
01101110 
01101111 
01110000 
071110001 
01110010 
01110011 
01110100 
01110101 
01110110 
01110111 
01111000 


01111001 


01111010. 


01111011 


Card Code 
(Note 3) 


Printer 
Graphic | Graphic 
(Note 1) |(Note 3) 


Keyboard 
Key 
(Note 2) 


Station 
Graphic 


N <|x Ss < cla ow 


Adapter 
Character 


‘ 80-Column 


Code (Note 3) 








Hex Binary 
Value Value 


7c | 01111100 
7D | 01111101 
7E | 01111110 
7E {01111911 
go | 10000000 
81 | 10000001 
82 | 10000010 
83 | 10000011 
84 | 10000100 
85 | 10000101 
86 | 10000110 
87 | 10000111 
88 | 10001000 
g9 | 10001001 
8A | 10001010 
8B | 10001011 
gc | 10001100 
8D | 10001101 
8E | 10001110 
8F | 10001111 
90 | 10010000 
91 | 10010001 
92 | 10010010 
93 | 10010011 
94 | 10010100 
95 | 10010101 
96 | 10010110 
97 | 10010111 
98 | 10011000 
99 | 10011001 
9A | 10011010 
9B 


10011011 








Card Code | Printer Keyboard Display Communication|Decimal] 80-Column 
(Note 3) Graphic | Graphic Key Station Adapter Value Code (Note 3) 


(Note 1)| (Note 3) | (Note 2) Graphic| Character 


Program- 
Start 


: 


# 
BA84 

BA84 1 

BA842 

BA8421 





. No Punches 
12 
12 


12 


| : 
} (Note 5) 

J Entert+ 

K 

L 


124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 . 


Q 
R 
! 

$ 


System/3 Model 6 Codes B-5 


Binary 
Value 


Value 
10011100 
10011101 
10011110 
10011111 
10100000 
10100001 
10100010 
10100011 
10100100 
10100101 
10100110 
10100111 
10101000 


10101001 


10101100 


10101101 
10101110 
10101111 
10110000 
10110001 
10110010 
10110011 
10110100 
10110101 
10110110 
10110111 
10111000 
10111001 
10111010 


10111011 


9c 
9D 
9E 
OF 
AO 
Al 
A2 
A3 
A4 
AS 
AG 
A7 
A8 
AQ 
AA |10101010 
AB {10101011 
AC 
AD 
AE 
AF 
BO 
BI 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
BO 
BA 
BB 


Card Code 
(Note 3) 


Printer 
Graphic 
(Note 1) 


Card 
Graphic 
(Note 3) 


Keyboard 
Key 
(Note 2) 


Display 
Station 
Graphic 


Communication] Decimal 
Adapter Value 
Character 


156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
184 
185 


182 


183 


186 
187 


80-Column 
Code (Note 3) 





Binary Card Code | Printer Card Keyboard Display | Communication| Decimal | 80-Column 
Value (Note 3) Graphic | Graphic Key Station Adapter Value Code (Note 3) 


(Note 1)} (Note 3) | (Note 2) Graphic Character 


10111100 1 
10111101 18 
10111110 19 
10111111 19 
1 
1 
1 


oO 
> 
© 


o 
> 
N 
—_ 


© 


11000000 | No Punches 192 
11000001 193 
11000010 9 
11000011 9 


11000100 9 
11000101 9 
11000110 9 
11000111 9 
11001000 


11001001 


BEE 


0 

0 
11001010 0 
11001011 0 
11001100 
11001101 
11001110 


11001111 


| 
11010000 }(Note 5) 
| 11010001 
11010010 
11010011 


11010100 


1 
1 
1 
2 
2 
2 
2 
20 
20 
20 
20 
20 
20 
21 
21 
21 
2 
21 
21 
21 
21 
21 
21 


©O@O 





8 
1 


11010101 
11010110 
11010111 


11011000 


@ O/C ©CG® 


11011001 


11011010 





8 
9 
0 
1 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
4 
5 
6 
7 
8 
ae 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 





11011011 


System/3 Model 6 Codes __B-7 


B-8 


11011100 
11011101 
11011110 
11011111 
11100000 
11100001 
11100010 
11100011 
11100100 
11100101 
11100110 
11100111 
11101000 
11101001 
11101010 
11101011 
11101100 
11101101 
11101110 
111011411 
11110000 
11110001 
11110010 
11110011 
41110100 
11110101 


11110110 


11110111 


11111000 
41111001 


11111010 


| 11111011 


Card Code 
(Note 3) 


(Note 1) | (Note 3) | (Note 2) Graphic Character 


Printer Card Keyboard Display | Communication} Decimal |: 
Graphic | Graphic Key Station Adapter Value 


220 - 
221 
222 
223 
224 


225 


226 


Ss 
T 


S 

T 
U U 
Vo “MV 
Ww W 

X 

Y 


227 


228 
229 
230 


231 


Fredesesioe= 


232. 


«<) 


233 


® 


% 


a 


=  ©/00Q0000) 


2 © ©O|O@OOG|OOOO}> © © 


80-Column 
Code (Note 3) 





Hex 





Value 


FC 


FD 


FE 


FF 


Binary Card Code | Printer Card Keyboard Display }]Communication | Decimal 80-Column 
Value (Note 3) Graphic | Graphic Key Station Adapter Code (Note 3) 
_| (Note 1) | (Note 3) | (Note 2) Graphic Character 


11111100 


11111101 


11111110 


11111111 


Notes: 


1. The printer wil! print a character no matter what binary value is contained in the data byte. 
The circled graphics indicate the preferred EBCDIC value for the particular character. 


2. Certain binary values are generated by more than one key on the keyboard, and the decimal key 
on the numeric section of the keyboard generates a different value from that generated by the 
key on the typewriter section. To differentiate between these keys in those instances when it is 
necessary, the following code is used: T = typewriter section, A = numeric section, and 
C = command key section. 


3. The data recorder or card data recorder will punch a character no matter what binary value is . 
contained in the data byte. The circled graphics and card codes indicate the preferred EBCDIC 
value for the particular character and the EBCDIC that is stored when that character is read 
from the card. 


4. This is a special character used only to produce line finder marks and 1D numbers for the ledger 
card device, 


5. This character does not print on the !1BM 129 Card Data Recorder, 


System/3 Model 6 Codes — B-9 


B-10 


OnAN = 


16 
32 
64 
128 


256 
512 
1 024 
2 048 


4096 
8192 
16 384 
32 768 


65 536 
131 072 
262 144 
524 288 


1 048 576 
2 097 152 
4194 304 
8 388 608° 


16 777 216 
33 554 432 
67 108 864 
134 217 728 


268 435 456 
536 870 912 
1 073 741 824 
2 147 483 648 


4 294 967 296 
8 589 934 592 
17 179 869 184 
34 359 738 368 


68 719 476 736 
137 438 953 472 
274 877 906 944 
549 755 813 888 


NOOO A Wn ~ Oo 


oo 


10 
11 


12 
13 
14 
15 


16 


17 
18 
19 


20 
21 
22 
23 


24 
25 
26 
27 


28 
29 
30 
31 


32 
33 
34 
35 


36 
37 
38 
39 


Appendix C. Powers of Two Table 


an 


1.0 
0.5 
0.25 
0.125 


0.062 5 
0.031 25 
0.015 625 
0.007 812 5 


0.003 906 25 
0.001 953 125 
0.000 976 562 5 
0.000 488 281 25 


0.000 244 140 625 
0.000 122 070 3125 
0.000 061 035 156 25 
0.000 030 517 578 125 


0.000 015 258 789 062 5 
0.000 007 629 394 531 25 
0.000 003 814 697 265 625 
0.000 001 907 348 632 8125 


0.000 000 953 674 316 406 25 
0.000 000 476 837 158 203 125 
0.000 000 238 418 579 101 562 5 
0.000 000 119 209 289 550 781 25 


0.000 000 059 604 644 775 390 625 
0.000 000 029 802 322 387 695 312 5 
0.000 000 014 901 161 193 847 656 25 
0.000 000 007 450 580 596 923 828 125 


0.000 000 003 725 290 298 461 914 0625 
0.000 000 001 862 645 149 230 957 031 25 
0.000 000 000 931 322 574 615 478 515 625 
0.000 000 000 465 661 287 307 739 257 8125 


0.000 000 000 232 830 643 653 869 628 906 25 
0.000 000 000 116 415 321 826 934 814 453 125 
0.000 000 000 058 207 660 912 467 407 226 562 5 
0.000 000 000 029 103 830 456 733 703 613 281 25 


0.000 000 000 014 551 915 228 366 851 806 640.625 
0.000 000 000 007 275 957 614 183 425 903 320 312 5 
0.000 000 000 003 637 978 807 091 712 951 660 156 25 
0.000 000 000 001 818 989 403 545 856 475 830 078 125 


Powers of Two Table | C-1 


C-2 


Appendix D. Binary and Hexadecimal Number Notations 


Binary Number Notation 


A binary number system, such as is used in System/3 uses a base of two. The concept of 
using a base of two can be compared with the base of ten (decimal) number system. 


Decimal Number _ Binary Number 
0 0 
1 1 
2 = 10 
3 = 11 
4 = 100 
5 = 101 
6 = 110 
7 = 111 
8 = 1000 
9 = 1001 


Example of a decimal number 









9 units position 


30 tens position 
+ 200 hundreds position 
as as oN ao + 1000 thousands position- 


1239 = decimal S gs0= decenal camber 


Example of a binary number 








+0001 = decimal 


S Oy +0000 = decimal 
OF +0000 = decimal 
ee ea -1000=decimal 8 


“1001 =decimal 9 


ii 


The decimal number system allows counting to ten in each position—from units to 
tens to hundreds to thousands etc. The binary system allows counting to two in each 
position. Register displays in the System/3 are in binary forms: a bit light on is a 
“one”; a bit light off is a “zero.” 


Binary and Hexadecimal Number Notations D-1 


Hexadecimal Number System 


It has been noted that binary numbers require about three times as many positions as 
decimal numbers to express the equivalent number. This is not much of a problem to 
the computer; however, in talking and writing or in communicating with the computer, 
these binary numbers are bulky. A long string of 1’s and 0’s cannot be effectively trans- 
mitted from one individual to another. Some shorthand method is necessary. 

The hexadecimal number system fills this need. Because of the simple relationship of 
hexadecimal to binary, numbers can be converted from one system to another by 
inspection. The base or radix of the hexadecimal system is 16. This means there are 16 
symbols: 0, 1, 2,3, 4,5, 6, 7, 8,9, A, B, C, D, E, and F. The letters A, B, C, D, E, and 
F represent the 10-base system values of 10, 11, 12, 13, 14, and 15, respectively. 

Four binary positions are equivalent to one hexadecimal position. The following 
table shows the comparable values of the three number systems. 


Decimal Binary Hexadecimal 
0 0000 0 
1 - 0001 1 
2 0010 2 
3 0011 3 
4 0100 4 
5 0101 5 
6 0110 6 

ae 0111 7 
8 1000 8 
9 1001 9 
10 1010 A 
11 1011 B 
12 1100 C 

13 1101 D 

14 1110 E 
15 1111 F 


At this point all 16 symbols have been used, anda carry to the next higher position 
of the number is necessary. For example: 


Decimal Binary Hexadecimal 
16 00010000 10 

17 0001 0001 11 

18 00010010 12 

19 0001 0011 13 

20 00010100 14 

21 0001 0101 15 

—and so on— 


Remember that as far as the internal circuitry of the computer is concerned, it only 
understands binary. But an operator can look at a series of lights on the computer 
console showing binary 1’s and 0’s, for example: 0001 1110 0001 0011, and say that 
the lights represent the hexadecimal value 1E13 which is easier to state than the string 
of 1’s and 0’s. 


Appendix E. Hexadecimal—Decimal Conversion Tables 


The tables in this appendix provide for direct conversion of decimal and hexadecimal 
numbers in these ranges: 


Hexadecimal Decimal 
000 to FFF 0000 to 4095 
For numbers outside the range of the tables, add the following values to the table 
figures: 
Hexadecimal Decimal : 
1000 4096 
2000 8192 
3000 12288 
4000 16384 
5000 20480 
6000 . 24576 
7000 28672 
8000 . 32768 


8 [0489] 
0504 0505 0506 





Hexadecimal—Decimal Conversion Tables _E-1. 





2 


1026 
1042 
1058 
1074 


1090 
1106 
1122 
1138 


1154 
1170 
1186 
1202 


- 1218 


1234 
1250 
1266 


1282 
1298 
1314 
1330 


1346 
1362 
1378 
1394 


1410 
1426 
1442 
1458 


1474 
1490 
1506 
1522 


3 


1027 
1043 
1059 
1075 


1091 
1107 
1123 
1139 


1155 
117) 
1187 
1203 


1219 
1235 
1251 
1267 


1283 
1299 
1315 
1331 


1347 


1363 | 


1379 
1395 


141] 
1427 
1443 
1459 


1475 
1491 
1507 
1523 


5 


1029 


1045 
1061 
1077 


1093 
1109 
1125 
1141 


1157 
1173 
1189 
1205 


1221 
1237 
1253 
1269 


1285 
1301 
1317 
1333 


1349 


1365 © 


1381 
1397 


1413 
1429 
1445 
1461 


1477 
1493 
1509 
1525 


6 


1030 
1046 
1062 
1078 


1094 
1110 
1126 


1142 


1158 
1174 
1190 
1206 


1222 
1238 
1254 
1270 


1286 
1302 
1318 
1334 


1350 


1382 
1398 


1414 
1430 
1446 
1462 


1478 
1494 
1510 
1526 


q 


1031 
1047 


1079 
1095 


1111. 


1127 
1143 


1159 
1175 
1191 
1207 


1223 
1239 
1255 
1271 


1287 
1303 
1319 
1335 


1351 
1367 
1383 
1399 


1415 
1431 
1447 
1463 


1479 
1495 
1511 
1527 


9 


1033 
1049 
1065 
1081 


1097 
1113 
1129 
1145 


1161 
1177 
1193 
1209 


1225 
1241 
1257 
1273 


1289 
1305 
1321 
1337 


1353 
1369 
1385 
1401 


1417 
1433 
1449 
1465 


1481 
1497 
1513 
1529 


B 


1035 
1051 
1067 
1083 


1099 
1115 
1131 
1147 


1163 
1179 
1195 
1211 


1227 
1243 
1259 
1275 


1291 
1307 
1323 
1339 


1355 
1371 
1387 
1403 


1419 
1435 
1451 
1467 


1483 
1499 
1515 
1531 


Cc 


1036 
1052 
1068 
1084 


1100 
1116 
1132 
1148 


1164 
1180 
1196 
1212 


1228 
1244 
1260 
1276 


1292 
1308 
1324 
1340 


1356 
1372 
1388 
1404 


1420 
1436 
1452 
1468 


1484 
1500 
1516 
1532 


D 


1037 
1053 
1069 
1085 


1101 
1117 
1133 
1149 


1165 
1181 
1197 
1213 


1229 
1245 
1261 
1277 


1293 
1309 


1325 


1341 


1357 
1373 
1389 
1405 


1421 
1437 
1453 
1469 


1485 
1501 
1517 
1533 





{* 1 2 3 4 5 6. 7. 8. 9 A B Cc D E F 


63 — 
67 — 
6B. 


6F- 


72. 
73- 


74. 
75 — 
76 —- 
77- 


78 .. 
9. 
TAW | 
7B. 


7C. 
7D- 
7EW 
7F- 





Hexadecimal—Decimal Conversion Tables E-3 


E-4 





1 


3073 
3089 
3105 
3121 


3137 
3153 
3169 
3185 


3201 
3217 
3233 
3249 


3265 
3281 
3297 
3313 


3329 
3345 


- 3361 


3377 


3393 
3409 
3425 
3441 


3457 
3473 
3489 
3505 


3521 
3537 
3553 
3569 


3122 


3138 
3154 
3170 
3186 


3202 
3218 
3234 
3250 


3266 
3282 
3298 
3314 


3330 
3346 
3362 
3378 


3394 
3410 
3426 
3442 


3458 
3474 


3506 


3522 
3538 
3554 
3570 


4 


3076 
3092 
3108 
3124 


3140 
3156 
3172 
3188 


3204 
3220 
3236 
3252 


3268 
3284 
3300 
3316 


3332 
3348 
3364 
3380 


3396 
3412 
3428 
3444 


3460 
3476 
3492 
3508 


3524 
3540 
3556 
3572 


6 


3078 
3094 
3110 
3126 


3142 
3158 
3174 
3190 


3206 
3222 


3254 


3270 
3286 
3302 
3318 


3334 
3350 
3366 
3382 


3398 
3414 
3430 
3446 


3462 
3478 
3494 
3510 


3526 
3542 
3558 
3574 


9 


3081 
3097 
3113 
3129 


3145 
3161 
3177 
3193 


3209 
3225 
3241 
3257 


3273 
3289 
3305 
3321 


3337 
3353 
3369 
3385 


3401 
3417 
3433 
3449 


3465 


3481 
3497 
3513 


3529 
3545 
3561 
3577 


A 


3082 
3098 
3114 
3130 


3146 
3162 
3178 
3194 


3210 
3226 
3242 
3258 
3274 
3290 
3306 
3322 


3338 
3354 
3370 
3386 


3402 
3418 
3434 
3450 


3466 
3482 
3498 
3514 


3530 
3546 
3562 
3578 


B 


3083 
3099 
3115 
3131 


3147 
3163 


‘3179 


3195 


3211 
3227 
3243 
3259 


3275 
3291 
3307 
3323 


3339 
3355 
3371 
3387 


3403 
3419 
3435 
3451 


3467 
3483 
3499 
3515 


3531 
3547 
3563 
3579 


C 


3084 
3100 
3116 
3132 


3148 
3164 
3180 
3196 


3212 
3228 
3244 
3266 


3276 
3292 
3308 
3324 


3340 
3356 
3372 
3388 


3404 
3420 
3436 
3452 


3468 
3484 
3500 
3516 


3532 
3548 
3564 
3580 


D 


3085 
3101 
3117 
3133 


3149 
3165 
3181 
3197 


3213 
3229 
3245 
3261 


3277 
3293 
3309 
3325 


3341 
3357 
3373 
3389 


3405 
3421 
3437 
3453 


3469 
3485 
3501 
3517 


3533 
3549 
3565 
3581 





F 


3087 
3103 
3119 
3135 


3151 
3167 
3183 
3199 


3215 
3231 
3247 
3263 


3279 
3295 
3311 
3327 


3343 
3359 
3375 
3391 


3407 
3423 » 
3439 
3455 


3471 
3487 
3503 
3519 


3535 
3551 
3567 
3583 


BRO432 





BRO432 


Hexadecimal—Decimal Conversion Tables E-5 


Appendix F. Instruction Examples 


Zero and Add Zoned (ZAZ) 


Instruction 


fee eae 


Operand 1 before Operation 


ee 


Addresses o00C 000D OOOE OOOF 0010 
Operand 2 
ee ee 
Addresses OO1E 001F 0020 


Operand 1 after Operation 


ea See |e | es 


o00c 000D OOOE OOOF 0010 


Condition Register before Operation 


00000000 


Bits 0 7 


Condition Register after Operation 


00000100 


Bits O 7 


Instruction Examples Fel 


F-2 


Add Zoned Decimal (AZ) 


Instruction 


poe ah ee ee Ne ee 


Operand 1 before Operation 


a ee eee Me alte ae 


Addresses oo00c o00D OOOE OOOF 0010 


Operand 2 


fen sell sacle y a [ected | ieee dee 


Addresses OQO1E OO1F 0020 


Operand 1 after Operation 


a 


000C 000D OOOE OOOF 0010 


Condition Register before Operation 


00000000 


Bits O “7 


Condition Register after Operation 


00000100 


Bits O 7 


Subtract Zoned Decimal (SZ) 


Instruction: 


07 


eT eee 


Operand 1 before Operation 


Ee | ee 
Addresses O00C 000D OOOE OOOF 0010 
Operand 2 


F4 F2 F5 
Addresses ; OO1E 001F 0020 
Operand 1 after Operation 


7 F5 F9 F4 F4 
o00c 000D OO0E OOOF 0010 


2 


Condition Register before Operation 


00000000 
Bits Oo 7 


Condition Register after Operation 


00000100 


Bits QO 7 


‘Instruction Examples _F-3 


F4 


Add Logical Characters (ALC) 


Instruction Index Register 1 = OCCO 


| se fos | wo | to | 


Operand 1 before Operation 


Addresses OCBD OCBE OCBF Occo 


Operand 2 


a 


Addresses — OccCD OCCE OCCF OCDO 


Operand 1 after Operation 


- ie 10010001 | 00100001] 01100110) 00110001 


OCcBD OCBE OCBF Occo 


Condition Register before Operation 


00000000 


Bits O 7 


Condition Register after Operation 


00000010 


Bits 0 7 


Subtract Logical Characters (SLC) 


Instruction Index Register 2 = OCCO 


Be ej ee ae 


Operand 1 before Operation 


Addresses OCBD OCBE OCBF occo 
Operand 2 . | 
[| _fomiorrfinroforoae eon 

Addresses - OcCD OCCE . OCCF ocbOo 


Operand 1 after Operation 


Po 00100001 | 11010100/ 00010101} 00011011 


OCBD OCBE OCBF occo 


Condition Register before Operation 


0000 0000 


Bits O 7 


Condition Register after Operation 
00000 100 


BitO | 7 


Add To Register (A) 


cow] = [ # | 


‘Instruction 


Operand 1 


01001000 ;00100000 
0003 0004 


Index Register 2 


00110101] 01101010 


Before Operation 


10001010 


After Operation 


Condition Register after Operation 


00000 010 


Bits O 7 


Instruction Examples 


F-5 


F-6 


Move Hex Character (MVX) 


Instruction 


ote ee | 


Index Register 1 = 2B15 
Index Register 2 = 1F20 


Operand 1 before Operation 


: 


1FCO 


Operand 2 


4c 


2B7A 


Operand 1 after Operation 


CF 
1FCO 


Move Characters (MVC) 


Instruction 


fase ee fa fee fee 


Operand 1 before Operation 


Loe ee ea ee 


Addresses 1A01 1A02 1A03 1A04 1A05 1A06 


Operand 2 


eee eee 


Addresses 2B55 2B56 2B57 2B58 2B59 2B5A 


Operand 1 after Operation 


fees Oe ee refed 


1A01 1A02 1A03 | 1A04 1A05 1A06 


Edit (ED) 


Instruction 
pom | om | oo | oF | mo | oo 


Operand 1 before Operation 


00B5 OOB6 00B7 OOB9 OOBA OOBB OOBC 00BD OOBE OOBF 
Operand 2 
0002 0003 0004 0005 0006 - 0007 


Operand 1 after Operation 


OOBG6 00B7 0088 00B9 OOBA 00BB OOBC OOBD OOBE OOBF 


Note: Location OOBD contains a 9 because the zone bits of all replaced 
characters (zeros) in the edit pattern are set to all ones. 
Condition Code 


00000010 
Bits O 7 


Insert and Test Characters (ITC) 


Instruction 


Operand 1 before Operation 


00B5 OOB6 00B7 00B8 O0OB9 OOBA OOBB 0OBC 00BD OOBE OOBF 


Operand 2 


ay 


0010 


Operand 1 after Operation 


O0B5 OOB6 0087 00B8 OOB9 OOBA O0OBB OOBC OOBD OOBE OOBF 
Note: Address OOBS5 was not included in the first operand. 


Address Recall Register after Operation 


eee Tee 


Instruction Examples F-7 


F-8 


Move Logical Immediate (MV1) 


Instruction 


: 


Operand before Operation 


t 


2FCB 


Operand after Operation 


: 


AF 
2FCB 


Set Bits On Masked (SBN) 


Instruction 


Operand before Operation 


00001100 


0020 


Operand after Operation 


0020 
Set Bits Off Masked (SBF) . 


Instruction 


Operand before Operation 


0030 


Operand after Operation 


01111000 


0030 


Store Register (ST) 


Instruction 


34 


Address Recall Register 


A CD 


e 


Operand before Operation 


2F C2 


32BA 32BB 


Operand after Operation © 


OA 


Q 
fe 


32BA  32BB 


Load Register (L) 


Instruction 


35 


Operand 


00000000 | 00000000 


0010 0011 


Program Status Register before Operation 


00001100 | 00110001 


Program Status Register after Operation 


00000000 | 00000100 


Condition Register after Operation 


00000100 
Bits O 7 


Instruction Examples 


F-9 


F-10 


Load Address (LA) 


Instruction 


« [= 


Index Register 1 


A 


s 


Index Register 2 after Operation 


2A 1A 


Compare Logical Characters (CLC) 


Instruction 
po fio | o | 2 | o | o | 
Operand 1 
0010 0011 0012 
Operand 2 


NR 
se 
N 


=D * 


0000 0001 


Condition Register 


00000100 
Bits O pe 


Compare Logical Immediate (CL!) 


Instruction 


w 
8 


pe. se | 


Storage Operand 


7F 
0021 


Condition Register after Operation 


00000001 
Bits O 7 


Test Bits On Masked (TBN) 


Instruction 


[a [ooione]! co [ 


Storage Operand 


10010101 


0021 
Condition Register after Operation 


00010000 
Bits 0 7 


Test Bits Off Masked (TBF) 


Instruction 


Storage Operand 


10010100 


0025 
Condition Register after Operation 


00010000 
Bits O 


~ 


Branch On Condition (BC) 


OBCC OBCD OBCE | OBCF 


Instruction 


co 


Condition Code before Operation 


00011001 


Instruction Address Register after Operation 


BF 


A 
"NO 


Address Recall Register after Operation 


Condition Register after Operation 


00010001 
Bits O 7 


Instruction Examples F-11 


Jump On Condition (JC) 


Instruction 


F2 00110000 


OBBD OBBE OBBF 


Condition Register before Operation 


00001001 


Instruction Address Register after Operation 


CF 


Condition Register after Operation 


00001001 
Bits O 7 


Halt Program Level (HPL) 


HALT CODE 





Start 1/0 for Keyboard Console (S/O) 


Instruction 


pe ee 


The last key pressed is restored and the keyboard is prepared for the next keystroke. The keyboard 
interrupt request is reset, and interrupt level 1 is released. 


Sense 1/0 for Keyboard Console (SNS) 


Instruction 


[= [ef le. 


Two bytes of information from the keyboard are stored in storage locations OFCC and OFCD 


Load I/O for Keyboard Console (LIO) 
Instruction : 
; 


Operand 


00000000 10010000 


03C0 03C1 


FIELD/OPERATION 


PIE IE IE 





Start !/O for Serial Printer (SIO) 


Instruction 


nN 
w 


Commands 


»[*]=| 


The printer prints a 96-character line, indexes 1 line space, and stops with the printhead at either the 
left margin, or 96 characters away from the. left margin, if the bi-directional printing feature is 
installed. If the bi-directional printing feature is not installed, the element return command in the third 
command byte causes the print head to return to the left margin. 


Test 1/0 and Branch for Serial Printer (T10) 


Instruction 
Pe Te [Te Ta) 
Address 0123 0124 0125 0126 


If unit check exists in the printer attachment, the next instruction is taken from 0C21. If unit check 
does not exist, the next instruction is taken from 0127. 


Advance Program Level for Serial Printer (APL) 


Instruction 


1 |e | 
If a ledger card is aligned at the ledger card device alignment station, the system executes the next 


sequential instruction, If no card is aligned at the alignment station, the system repeats this 
instruction and turns on the LCD attention indicator. 


2 


Instruction Examples F-13 


Load 1/0 for Serial Printer (LIO) 


Instruction 


3F 17 


2 
_ 


Operand 


3F16 3F17 


Print Command Address Register before Operation 


26 


Print Command Address Register after Operation 


2 


E 


© 
> 
fe) 
SN 
o 
S 
x 
~ 
S 
> 
— 
Y 
= 
g 
g 
<= 


7 


> 
a 
o 
3 
ole 
e713 
°o 
=| 
js 


Two status bytes are stored in main storage at locations O56F and 0570. 


Start 1/O for Disk File (SIO) 


Instruction 


mn 
Ww 

A 
_ 


o 
an 
& 
nN 
o 
Qa 
oO 
3 
& 
= 
@ 
* 
> 
Qa 
Qa 
3 
oO 
n 
“ 
a 
oO 
7 
n 
- 
© 
s 


Oo 

a 7 
x 

7 oO 

ak nN - 
@ 

O 
o 

r= 

a 

> . 
a 

Qa 

a 

oO 

a 

D 

oO 

oe 

n 

ot 

o 

“a 


Oo 
2 ie 
fe is 
~ 
A 
Oo 


Oo 
a 
R 
oO 
° 
3 
> 
x 
o. 
nN 
@ 
a 


0200 0201 0202 0203 


512 bytes of data willbe transferred to storage and placed in locations OFOO through 10FF. 


F-14 


Load !/O for Disk File (LIO) 


Instruction 


31 


Operand 


F 


s 


2FBO 2FB1 


Disk File Read/Write Address Register before Operation 


NQ 
s 


Disk File Read/Write Address Register after Operation 


OF 


Test 1/0 and Branch for Disk File (T10) 
Instruction 
« [= [@] « 


0100 0101 0102 0103 


Status Byte 1 


10000000 


Instruction Address Register before Operation 


Address Recall Register before Operation 


2 7 


is 
e 


Instruction Address Register after Operation 


2 


je 


Address Recall Register after Operation 


Instruction Examples 


F-15 


F-16 


Advance Program Level for Disk File (APL) 


Instruction 


F1 A2 00 


The program continues to execute this instruction until drive 1 is no longer busy. 


Sense 1/0 for Disk File (SNS) 


30 


= 
n 
Pa 
x 
Cc 
Qa 
; 
° 
3 
A 


Sires 


Status Bytes at File before Operation 


81 


Operand before Operation 


B 


G 


OSFE OSFF 


-Operand after Operation 


81 
OSFE OSFF 


: 
‘ 
\ 


Status Bytes at File after Operation 


Appendix G. Instruction Timings 


The following abbreviations are used in the instruction timing formulas: 


N_ = Instruction length in bytes. 


L1 = Length of destination field (two-address instruction) in bytes. The destination field 
is that field addressed by operand 1. 
L2 = Length of source field (two-address instruction) in bytes. Source field is that field 


addressed by operand 2. 


R_ = Length of operand 1 when recomplementing is necessary. 


Instruction and Mnemonic 


Zero and add zoned (ZAZ) 

Add zoned decimal (AZ) 
Subtract zoned decimal (SZ) 
Add logical characters (ALC) 
Subtract logical characters (SLC) 
Add to register (A) 

Move hex character (MVX) 
Move characters (MVC) 

Edit (ED) 

Insert and test characters (ITC) 
Move logical immediate (MVI) 
Set bits on masked (SBN) 

Set bits off masked (SBF) 

Store register (ST) 

Load register (L) 

Load address (LA) 

Compare logical characters (CLC) 
Compare logical immediate (CLI) 
Test bits on masked (TBN) 

Test bits off masked (TBF) 
Branch on condition (BC) 

Jump on condition (JC) 

Halt program level (HPL) 

Start I/O (SIO) 

Sense I/O (SNS) 

Load I/O (LIO) 

Test I/O and branch (TIO) 
Advance program level (APL) 


Time in Microseconds 


1.52(N + L1 + L2) + 1.52(R) 
1.52(N + L1 + L2) + 1.52(R) 
1.52(N + L1 + L2) + 1.52(R) 
1.52(N + 2L) 

1.52(N + 2L) 

1.52(N + 2) 

1.52(N + 2) 

1.52(N + 2L) 

1.52(N + L1 + L2) 
1.52(N+1+1L1) 

1.52(N + 1) 

1.52(N + 1) 

1.52(N + 1) 

1.52(N + 2) 

1.52(N + 2) 

1.52(N) 

1.52(N + 2L) 

1.52(N + 1) 

1.52(N + 1) 

1.52(N + 1) 

1.52(N) 


~ 4.56 


4.56 
4.56 

1.52(N + 2) 
1.52(N + 2) 


1.52(N) 
4.56 


Instruction Timings G-1 


G-2 


Glossary of Technical Terms 


ALU, Arithmetic and logic unit. 


AND. A logic operator having the property that if P is a statement, Q is a statement, 
R is a statement, . . ., then the AND of P,Q, R,. . ., is true if all statements are true, 
false if any statement is false. 


Base-Displacement Address. An address formed by adding a base value to a displacement . 
value. 


Binary Cell. A storage cell of one binary digit capacity, for example, a single bit register 
ora Ainge bit in a YI: 


Binary Overflow. An indication that a an ee occurred during a binary arithmetic 
operation. 

Bit. Contraction of “binary digit”, the smallest unit of information in a binary system. 
A bit may be either a 1 ora 0. 


Broadband. Communication channel having a band width greater than a voice-grade 
channel, and therefore capable of higher-speed data transmission. 


Byte. A sequence of adjacent binary digits operated upon as a unit. 


Cathode Ray Tube Display. (1) A device that presents data in a visual form by means of 
a controlled electron beam. (2) The data display produced by the device as in (1). 


Chain, Chaining. A function of linking commands so as to execute the commands in 
sequence without requiring a new instruction for each command. 


Change of Direction Character. A character that,causes the communication adapter to 
change from transmit mode to receive mode or from receive mode to transmit mode. 


Command. (1) A control signal. (2) Loosely, an instruction in machine language. 
(3) Loosely, a mathematical or logic operator. 


Command Chain. A group of commands chained together (see also Chain, Chaining). 


Complement. A number derived by subtracting the true value of the desired number 
from the base number. For example, the nines complement of 02735 is 
99999-02735 = 97264. To indicate a complement number, the storage or accumulator 
that must contain the number must have one high-order digit position more than is 
required to contain the true value of the number. 


Control Character, A character whose occurrence in a particular context initiates, modi- 
fies, or stops a control action—for example, a character that controls carriage return, or 
a character that controls transmission of data over communication networks. A control 
character may be recorded for use in a subsequent action. It may have a graphic 
representation in some circumstances. 


Glossary of Technical Terms T-1l 


T-2 


Conversational Mode. Communication between a terminal and the computer in which each 
entry from the terminal elicits a response from the computer and vice versa. 


CRT. (see Cathode Ray Tube Display) 


Cycle, The time interval in which the process unit reads one byte from storage and writes 
one byte into storage. 


Cycle Steal. The interruption of processing unit instruction execution to allow an I/O unit 
one or more cycles for access to storage. 


Decimal Overflow. An indication that an overflow occurred on a decimal arithmetic 
operation. 


Defined Graphic. A graphic character for which an EBCDIC code has been defined for the 
system. 


Digit Portion. The low-order four bits of a byte. 

Direct Address. An address that specifies the location of an operand. 
E-Phase. (see Execution Phase) 

EBCDIC. (see Extended Binary Coded Decimal Interchange Code) 


Execution Phase. That portion of a System/3 operation in which the operands specified by 
an instruction are operated on as specified by the instruction. 


Extended Binary Coded Decimal Interchange Code. The eight bit code used within 
System/3 to represent printable characters. 


Field. In a record, a specified area used for a particular category of data, for example, a 
group of card columns used to represent a wage-rate period. 


Flag. (1) Any of various indicators used for identification, for example, a word mark. 
(2) A character that signals the occurrence of some condition. 


Four-Wire Circuit. A communication path in which four wires (two for each direction of 
transmission) are presented to the station equipment. 


Graphic. A symbol produced by a process such as handwriting, drawings, or printing. 
Graphic Character. A character normally represented by a graphic. 


Half Duplex. In communication, pertaining to an alternate, one way at a time, independent 
transmission. 


Halt Identifier..A code displayed by the halt indicator lamps on the keyboard console. 


High-Order. Pertaining to the leftmost and, usually, lowest numbered poneen of a byte 
or a field. 


I-Phase. (see Instruction Phase) 


Initial Program Load, Initial Program Loading (IPL). The procedure that causes the initial 
part of an operating system or other program to be loaded such that the program can then 
proceed under its own control. 


Instruction Phase. The portion of a System/3 operation in which an instruction is retrieved 
from storage and analyzed for the operation to be performed. 


Interrupt. (1) To stop a process in such a way that it can be resumed. (2) Also as 
“interruption”, a system of input/output operations in which the input/output units are 
allowed to interrupt the main program stream to perform subroutines. 


Interrupt Level. A system of priorities for input/output units which allows higher priority 
units to interrupt the subroutines of lower priority units. 


IPL. (see Initial Program Load) 
Line Control Character. (see Control Character) 
Line Printer. A device that prints all characters of a line as a unit. 


Loop. A sequence of instructions that is executed repeatedly until a terminal condition 
prevails: 


Low-Order, Pertaining to the rightmost and, usually, highest numbered position of a field 
or byte. ; 


Modem. Contraction of modulator-demodulator. A device which modulates and 
demodulates signals transmitted over communications facilities. 


Multi-point. Line or circuit interconnecting several stations. 


No-op. An instruction that causes no operation to be performed. Also “no-oping” and 
““‘no-oped”, causing an instruction to perform as a no-op instruction. 


Op-Code. That portion of a System/3 instruction that specifies what operation is to be 
performed. 


Operand. That which is operated upon: An operand is usually identified by an address part 
of an instruction. 


Operation. (1) A defined action, namely the act of obtaining a result from one or more 
operands in accordance with a rule that completely specifies the result for any permissible 
combinations of operands. (2) The set of such acts specified by such a rule, or the rule 
itself. (3) The act specified by a single computer instruction. (4) A program step undertaken 
or executed by a computer, for example, addition, multiplication, extraction, comparison, 
shift, transfer. The operation is usually specified by the operator part of an instruction. 


OR. (1) A logic operator having the property that if P is a statement, Q is a statement, R is 
a statement, .. ., then the OR of P,Q,R, .. .; is true if at least one statement is true, false 


if all statements are false. 


Overflow. (1) That portion of the result of an operation that exceeds the capacity of the 
_ intended unit of storage. (2) Pertaining to the generation of overflow as in (1). 


Glossary of Technical Terms T-3 


T-4 


Parity Bit. A binary digit appended to an array of bits to make the sum of all the bits 
always odd or always even. 


Parity Check. A test that checks whether the number of 1’s or 0’s in an array of binary 
digits is odd or even. 


Point-to-Point Transmission. Transmission of data directly between two points without 
the use of any intermediate terminal. or i 


. Q ee The second byte of a System/3 nseuction: the function of which is determined 


by the instruction being performed. 


Read. To acquire or interpret data from a storage device, a data medium, or any other 
source. 


Recomplement. The operation of converting a complement number to its true form. 
Register. A device capable of storing a specified amount of data, such as one byte. 


Reset. (1) To restore a storage device to a prescribed initial state, not necessarily 
denoting 0. (2) To place a binary cell into the state denoting 0. 


Scan. To examine sequentially, part-by-part. 
Sector. An addressable portion of a magnetic disk track. 
Seek. To position the access mechanism of a direct access device at a specified location. 


SER-DES. Contraction of serializer-deserializer. A device that converts parallel by bit 
data to serial by bit data and converts serial by bit data to parallel by bit data. 


Serial Printer. A device that prints characters one at a time in order across the line. 
A serial printer does not require that a complete line be printed. for each print operation. 


Subroutine. A routine that can be part of another routine. 


_Track. The portion of a moving storage medium such as a drum, tape or disk that is 


accessible to a given read head position. 
Two-Wire Circuit. A metallic circuit formed by two conductors insulated from each 
other. It is possible to use the two conductors as a one-way transmission path, a 


half-duplex path, or a duplex path. 


Typamatic Key. A keyboard key that performs its function repeatedly when held 


. pressed as opposed to a keyboard key that must be released and pressed again for each 


function desired. 


USASCII. USA Standard Code for Information Interchange. The Standard Code, using 
a coded character set consisting of seven-bit coded characters (eight bits including 
parity check), used for information interchange among data processing systems, 
communications systems, and associated equipment. The USASCII set consists of 
control characters and graphic characters. 


Write. To ecard data j ina storage device or a data medium. The recording need not be 
permanent, such as on a cathode ray tube display device. 


Zone, Zone Portion. The high-order four bits of a byte. 


Where more than one page reference is given, the major reference is first. 


A.and B registers 2-3 

A instruction (add to register) 
A register 2-3 
AAR (operand 2 address register) 2-4 
account number checking 10-6 — 


2-18 


ACK 0 control character (even acknowledge) 11-12 
ACK 1 control character (odd acknowledge) 11-12 
ACU (auto calling unit) 11-6 

ACU power off condition, BSCA 11-34 

ACU power off light, BSCA panel 11-36 

ACU power off or data line occupied on 11-34 


ACU PWR off 11-36 
adapter check on transmit or receive, byte 2 bits 2 and 3 11-32 
add logical characters 2-14 
example F-4 
format A-l 
add to register 2-18 
example F-5 
format A-l 
add zoned decimal 
example F-2 
format A-l 
address altering 2-45 
address compare light 2-45 
address compare switch 2-44 
address/data compare switches 
address marker 5-2 
address recall register (ARR) 2-4 
address stopping 2-45 
adressing 1-6 
base-displacement 1-6 


2-11 


2-41 


direct 1-6 
advance program level 2-40 
BSCA 11-29 


card data recorder 7-4 


communication adapter 11-29 
data recorder 6-4 
disk 5-16 

example F-16 
format A-4 
magnetic character reader 10-6 
printer 4-20 

example F-13 


serial I/O channel 9-3 
ALC instruction (add logical characters) 2-14 
altering storage 2-45, 3-10 
keyboard-console 3-10 
altering storage addresses 2-45 
alternate tracks 5-2, 5-22 
ALU (arithmetic and logic unit) 2-3 
AM (address marker) 5-2 
APL instruction (advance program level) 
BSCA 11-29 - 
card data recorder 7-4 
data recorder 6-4 
disk 5-16 
magnetic character reader 
printer 4-20 
SIOC 9-3 
Appendixes 
- A. Instruction Formats A-1 
System/3 Model 6 Codes B-1l 
Powers of Two Table C-1 
Binary and Hexadecimal Number Notation D-1 
Hexadecimal—Decimal Conversion Tables E-1 
Instruction Examples F-1 


2-40 


10-6 


AMO Ow 


Index 


Appendixes (continued) 

G. Instruction Timings G-1 
arithmetic and logic unit (ALU) 2-3 
arithmetic instructions 2-10 

A instruction 2-18 

ALC instruction 2-14 

AZ instruction 2-11 

SLC instruction 2-16 

ZAZ instruction 2-10 
ARR (address recall register) 2-4 
auto answer 11-5 
auto call 11-26, 11-6 
auto calling unit (ACU) 11-6 
auto record release switch 6-2 


AZ instruction (add zoned decimal) 2-11 


B register 2-3 
backspace key 3-2 
BAR (operand 1 address register) 2-5 
BC instruction (branch on condition) 
bi-directional printing 

capability 4-4 - 

operation 4-7 
binary format (logical data) 1-4 


2-34 


binary number notation D-1 


binary synchronous communication adapter (BSCA) (see. BSCA) 
binary synchronous communication adapter address register 
(BSCAR) 2-5 
branch on condition 2-34 
example F-11 
format A-3 
BSCA (binary synchronous communication adapter) 
CE controls 11-39 , 
BSCA step key 11-39 
local loop test key 11-39 
checking 11-7 
control codes 11-8 
data rates 11-5 
data transfer 11-5 
disabled 11-34 
disconnect operation 11-23 
external test switch on and test mode disabled 
I/O attention indicator 3-8 
instructions 11-24 
interrupt routine 11-6 
local storage registers 11-7 
modes 11-7 ™, 
operator’s panel 


11-1, 1-1 


11-34 


11-34 5 


ACU power off light 11-36 
BSCA ATTN light 11-34 © 
-busy light 11-36 

call request light 11-36 
CHAR phase light 11-36 
clear to send light 11-34 


control mode light . 11-36 
data mode light 11-36 
digit present light 11-36 
DT line in use light 11-36 
DT TERM ready light 11-34 
EXT test SW light 11-36 
rate select switch 11-36 
receive initial light 11-35 
receive mode light 11-35 
receive trigger light 11-34 
test mode light 11-36 


Index X-1 


BSCA (binary synchronous communication adapter) (continued) 


TSM mode light 11-35 
TSM trigger light 11-34 
unit check light 11-34 

processing 11-5 

states 11-7 

status bytes 11-31 

step key 11-37 

subfeatures 11-5 

transmission codes 11-2 


BSCAR (binary synchronous. communication adapter address 
register) 2-5 

busy, BSCA 11-34 

busy light, BSCA panel 11-36 


byte 1 5-20 
byte 2 5-21 
byte 3 5-21 


call request 11-36 

call request light, BSCA panel 11-36 
cancel two-second time-out’ 11-27 
card data recorder, 129 7-1 


advance program level 7-4 

card reading 7-2 

column indicator 7-1 

compare error on read or punch cycle 7-6 
data rate 7-1 

error recovery procedures 7-6 
incorrect card code 7-6 
instructions 7-3 

load I/O 7-4 

operations 7-2 

power switch and indicators 7-1 
print switch 7-1 — 

program rotary switch 7-2 
punch/verify switch 7-2 
punching operations 7-3 

record advance/card feed switch 7-2 
sense 1/0 7-5 

start 1/0 7-3 

switches and indicators 7-1 

test I/O and branch 7-3 
transport jam 7-1 

verify reset key 7-1 


card data recorder, 129 


column indicator 7-1 
error recovery procedures 7-6 
instructions 7-3 

advance program level 7-4 


load I/O 7-4 
sense I/O 7-5 
start I/O « 7-3 


test I/O and branch 7-3 
operations 7-2 


card reading 


129 7-2 
5496 6-3 


card skew check 4-33 
CE control panel 2-41 


address compare light 2-45 
address compare switch 2-44 
address/data compare switches 2-41 
CE, mode selector 2-43 

CE servicing switches 2-44 
check reset key 2-44 

clock cycles display 2-43 

file write switch 2-44 

1/O check light 2-45 

LSR display selector switch 2-45 
machine cycles display 2-43 
register display unit 2-42 
start/stop switch 2-44. 

system reset key 2-44 


CE mode selector 2-43 
CE servicing switches 2-44 
chaining printer commands 4-6 
change of direction characters 11-14 
channel organization 2-7 
CHAR phase _ 11-36 
CHAR phase light, BSCA panel 11-36 
character format 1-4 
check conditions 
processor check 
invalid address 2-47 
invalid op code 2-47 
invalid Q byte in an I/O instruction 2-47 
parity check in the processing unit 2-47 
unit check 2-47 
check conditions and status 5-18 
check reset key 2-44 
CLC instruction (compare logical characters) 2-30 
clear to send 11-34 
clear to send light, BSCA panel 11-34 
CLI instruction (compare logical immediate) 2-31 
clock cycles display 2-43 
command instructions 1-8 
command key indicators 3-8 
command light control 3-9 
communication adapter 11-1 
advance program level, description 11-29 
checking 11-7 
instructions 11-24 
load I/O, description 11-27 
local storage registers 11-7 
modes and states 11-7 
sense I/O, description 11-30 
start 1/O, description 11-24 
test I/O and branch, description 11-28 
communications assurance (BSCA) 11-19 
communications operations (BSCA) 11-15 
compare error on read or punch I/O cycle 
129 7-6 
5496 6-7 
compare logical characters 2-30 
example F-10 
format A-3 
compare logical immediate 2-31 
example F-10 
format A-3 
condition of magnetic character reader, determining 10-2 
condition register 2-3 
console configuration 3-6 
data recorder switch 3-6 
disk drive 1 switch 3-7 
disk drive 2 switch 3-7 
disk select switch 3-7 
inquiry request switch 3-6 
power switch 3-7 
program load switch 3-7 
system reset switch 3-7 
system start switch 3-6 
console instructions 3-9 
control character uses 11-8 
control characters 
data link escape (DLE 11-12 
end of intermediate data block (ITB) 11-10 
end of text (ETX) 11-10 
end of transmission (EOT) 11-11 
end of transmission block (ETB) 11-10 
enquiry (ENQ) 11-11 
even acknowledge (ACK 0) 11-12 
mandatory disconnect (DISC) 11-13 
negative acknowledge (NAK) 11-11 
odd acknowledge (ACK 1) 11-12 
reverse interrupt (RVI) 11-14 
start of heading (SOH) 11-8 
start of text (STX) 11-9 


control characters (continued) 
synchronous idle (SYN) 11-12 
temporary text delay (TTD) 11-14 
transparent block cancel (XENQ) 11-14 
transparent end of intermediate transmission block (XITB) 
11-13 
transparent end of text (XETX) 11-13 
transparent end of transmission block (XETB) 11-13 
transparent start of text (XSTX) 11-13 
transparent synchronous idle (XSYN) 11-13 
transparent temporary text delay (XTTD) 11-14 
wait before transmit—positive acknowledgement (WACK) 
11-12 
control codes (BSCA) 11-8 
control function 11-25 
control mode 11-36 
control mode light, BSCA panel 11-36 
conventions, programming 2-9 
core storage (see main storage) 
CRC/LRC/VRC, byte 2 bit1 11-32 
CRT address register (CRTAR) 2-6 
CRT I/O attention indicator 3-8 
CRTAR (CRT address register) 2-6 
cursor control 8-4 
cycle stealing 2-6 
cycles and phases 2-6 
cylinder 5-2 


DA (device address) 2-38 
dash symbol transmission 10-6 
data bus out check 4-31 
data check 4-28 
data checking (BSCA) 11-22 
data DLE in transparent mode. (XDLE) 11-14 
data flow, processing unit 2-1 
data formats 1-3 
card 1-4 
character 1-4 
disk storage drive 1-3 
display station 1-6 
magnetic character reader 1-3 
main storage 1-3 
printer 1-6 
data handling instructions 2-20 
ED instruction 2-22 
ITC instruction 2-23 
L instruction 2-27 
LA instruction 2-29 
MVC instruction 2-21 
MVI instruction 2-24 
MVX instruction 2-20 
SBF instruction 2-25 
SBN instruction 2-26 
ST instruction 2-26 
data line occupied on condition, BSCA 11-34 
data link escape (DLE) 11-12 
data mode 11-36 
data mode light, BSCA panel 11-36 
data rate selection feature 11-7 
data rates 11-5 
data RCRDR I/O attention indicator 3-8 
data recall register (DRR) 2-5 
data recorder, 5496 6-1 
address register (DRAR) 2-5 
advance program level 6-4 
auto record release switch 6-2 
compare error on read_ 6-7 
compare error punch I/O cycle 6-7 
controls on keyboard-console 6-2 
error recovery procedures 6-7 
feed check indicator 6-2 
incorrect card code 6-7 
indicator 6-1 
instructions 6-3 


data recorder, 5496 (continued) 
Keyboard controls 6-2 
keys 6-1 
load I/O 6-5 
Operations 6-3 
power switch 6-2 
print switch 6-2 
program switch 6-2 
punch/verify switch 6-2 
release key 6-1 
sense I/O 6-5 
stacker indicator 6-2 
start I/O 6-3 
test I/O and branch 6-4 
transport jam 6-7 
data recorder switch 3-6 
data set ready latch off 11-33 
data set ready latch on and data set ready off 11-34 
data transfer and processing 11-5 
data transfer register 9-1 
data transmission (BSCA) 11-17 
DBO parity check 11-33 
device address (DA) 2-38 
DFCR (disk file control address register) 2-5 
DFDR (disk file data address register) 2-5 
diagnostic device interface status bytes 4-26 
digit present 11-36 
digit present light, BSCA panel 11-36 
digit portion 1-4 
direct addressing 1-6 
directing the disposition of documents 10-2 


‘disable BSCA condition 11-34 


disable interrupt control function 11-26 
disable step and test mode 11-27 
DISC control character (mandatory disconnect) 11-13 
disconnect operations (BSCA) 11-23 
disk 5-1 
check conditions and status 5-18 
error recovery actions 5-24 
read data 5-6 
read identifier 5-8 
status bytes 5-18 
disk (ID) sector identifier 5-2 
disk address marker 5-2 
disk advance program level, description 5-16 
Disk Cartridge, 5440 5-1 
disk drive metering 2-48 
disk drive 1 and disk drive 2 switches 3-7 
disk drive 1 I/O attention indicator 3-8 
disk drive 2 I/O attention indicator 3-8 
disk file control address register (DFCR) 2-5, 5-4 
disk file data address register (DFDR) 2-5, 54 
disk file instructions 5-12 
disk index marker 5-2 
disk instructions 5-12 
advance program level 5-16 
load I/O 5-13 
sense I/O 5-17 
start I/O 5-12 
test I/O and branch 5-14 
disk load I/O 5-13 
disk operating restrictions. 5-4 
disk select switch 3-7 
disk sense I/O 5-17 
disk start I/O 5-12 
disk status byte 0 5-18 
Disk Storage Drive, 5444 5- 
disk test I/O and branch 5- 
disk track format 5-2 
disk track initialization 5-22 
Display Station, 2265 8-1 
check conditions 8-4 
cursor control 8-4 
indicators 8-1 
instructions 8-2 


1 
14 
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Display Station, 2265 (continued) 


load I/O 8-2 
sense 1/0 8-3 
start 1/0 8-2 


test 1/O and branch 8-3 

manual controls 8-1 

operations 8-2 
display unit code 1-6 
displaying local storage registers 2-45 
DLE, data in transparent mode 11-14 
DLE control character (data link escape) 11-12 . 
DRAR (data recorder address register) 2-5 
drive check 4-31 
DRR (data recall register) 2-5 


- DT line in use 11-36 


DT line in use light, BSCA panel 11-36 
DT set ready 11-36 

DT TERM ready 11-34 

DT TERM ready light, BSCA panel 11-34 
dual forms control 4-10 . 


EBCDIC (extended binary coded decimal interchange code) 1-3 


edit (ED) 2-22 


example F-7 
format A-2 
eject 4-15 


element return 4-4 . 
enable—disable BSCA control functions 11-27 . 
enable—disable step and test mode functions 11-27 
enable interrupt control function 11-26 - 
enable step and test mode 11-27 
end of intermediate data block (ITB) 11-10 
end of text (ETX) 11-10 . 
end of transmission (EOT) 11-11. 
end of transmission block (ETB) 11-10 
ENQ control character (enquiry) 11-11 
EOT control character (end of transmission) 11-11 | 
error recovery actions, disk 5-24 
error recovery procedures 
BSCA 11-32 
file and attachment 5-23 
printer 4-28 
129 7-6 
5496 6-7 
establishing contact between stations 
multi-point 11-21 
point-to-point—non-switched 11-15, 11-20 . 
point-to-point—switched 11-16, 11-20 
ETB control character (end of transmission block) 11-10 
ETX control character (end of text) 11-10 
even acknowledge (ACK 0) 11-12 
execution cycles 2-6 


E-A 2-6 
E-B 2-6 
1/0 2-6 


EXT test SW 11-36 

EXT test SW light, BSCA panel 11-36 

extended binary coded decimal interchange code (EBCDIC) 1-3 
external test switch on condition, BSCA 11-34 


feed, read ID, and locate next print line 4-14 
feed, read ID, eject 4-14 

feed check indicator, data recorder 6-2 " 
feeding documents (magnetic character reader) 10-2 
field/operation indicator control 3-9 

field/operation indicators 3-8 : 

fifty-one column sort feature 10-6 

file control field 5-5 

file control field bytes 5-5 


C 5-5 
F 5-5 
N_ 5-5 


file control field bytes (continued) 
S 5-5 

file operations 5-4 

file organization 5-2 

file write switch 2-44 

fixed disk 5-1 

flagging 5-22 

formats A-1 

forms command 4-7 
primary vertical forms index 4-7 
secondary vertical forms index, 4-7 
vertical forms skip 4-7 

forms control 4-2 

forms control programming 4-12 

forms fold-line printer restriction 4-4 

forms overlap restriction 4-4 

forms recognition 4-10 

function register 9-2 : 


gaps 5-3 
glossary T-1 


halt code indicators 3-8, 2-37 
halt indentifier combinations 2-37 
halt instructions 2-37 
halt program level 2-37 

example F-12 

format A-3 
head switching 5-6 
hexadecimal—decimal conversion (see Appendix E) 
hexadecimal—decimal! conversion tables E-1 
hexadecimal number system D-2 
high-order zero and blank selection 10-6 
high speed interface 11-6 
horizontal cycle check 4-28 
HPL instruction (halt program level) 2-37 


1/O attention indicator (data recorder) 6-2 
1/O attention indicators 3-8 
1/O check light 2-45 
I/O device control 2-9 
1/O facilities 2-7 
I/O instructions 2-38 
APL instruction 2-40 
LIO instruction 2-39 
SIO instruction 2-38 
SNS instruction 2-39 
TIO instruction 2-40 
I/O operations 3-10 
I/O operations, keyboard-console (altering storage) 3-10 
I/O select register 9-1 
I/O transfer-lines 9-2 a 
IAR (instruction address register) 2-4 
ID (sector identifier) 5-2 


incorrect card code 


card data recorder 7-6, 7-5 
data recorder 6-7 

index 4-15 

index marker 5-2 

index register 1 (XR1) 2-4 

index register 2 (XR2) 2-4 

indicator panel 3-7 
command key indicators 3-8 
field/operation indicators 3-8 
halt code indicators 3-8 
I/O attention indicators 3-8 
KEYBD (keyboard) ready 3-8 
power on indicator 3-8 | 
processor check light 3-7 
stop indicator 3-8 


input/output facilities 2-7 
input/output instructions 2-38 
inquiry request switch 3-6 
insert and test characters 2-23 
example F-7 
format A-2 
instruction address register (IAR) 2-4 
instruction cycles 2-6 


Hl 2-6 
I-H2 2-6 
L-L1 2-6 
LED. 26 
IOP 2-6 
LQ 2-6 
IR 2-6 
I-X1 2-6 
I-X2 2-6 


instruction examples F-1 
instruction formats 1-6, A-1 

command instruction 1-7 

length 1-6 

one-address instructions 1-7 

op code 1-6 

Q byte 1-6 

two-address instructions 1-7 
instruction reject and attention codes 11-33 
instruction timings G-1 
instructions and programming conventions 2-9 
intermediate block checking 11-5 . 
internal clock 11-5 
interrupt 2-7 
interrupt operation 2-7 
interrupt priorities 2-7 
invalid address 2-47 
invalid command 

ledger card device. 4-34 

printer 4-31 
invalid N code 11-33 
invalid op code 2-47 
invalid Q byte in an I/O instruction 2-47 
invalid USASCII character, byte 2 bit 4 11-32 
IPL (initial program load) 5-9 
ITB control character (end of intermediate data block) 11-10 
ITC instruction (insert and test characters) 2-23 


jump on condition (JC) 2-35 
example F-12 
format A-3 


KEYBD ready 3-8 
keyboard code 1-5 
keyboard-console 3-1 
keyboard-console, printer I/O attention light 4-12 
keyboard-console I/O operations 3-10 | 
keyboard controls, card data recorder 7-2 
keyboard controls, data recorder 6-2 
keyboard instructions 3-4 

sense I/O instruction 3-5 

start I/O instruction 3-4 
keyboard operations 3-1 
keys 

alpha-numeric 3-1 

backspace 3-2 

BSCA step 11-39 

check reset 2-44 

command 3-1 

data recorder release 6-1 

function 3-1 

lamp test button 3-8 

numeric 3-1 


keys (continued) 
system reset 2-44 
tab 3-2 
typamatic 3-2 


L instruction (load register) 2-27 
LA instruction (load address) 2-29 
lamp test button 3-8 
LCA (local communications adapter) 11-7 
CE controls 11-39 
instructions (use BSCA instructions) 11-24 
local storage registers 11-7 
operator’s panel 11-37 


LCD (see ledger card device) 
LCD I/O attention indicator 3-8, 4-19 
LCR (length count register) 2-5 
ledger card 
color 4-3 
design 4-3 
dimensions 4-3 
ledger card device 4-2, 1-1 
busy 4-18 : 
card-not-aligned 4-19 
card skew check 4-33 
drive check 4-31 
error recovery procedures 4-31 
I/O attention indicator 4-19 
invalid command 4-34 
last printable line 4-18 
line finder mark check 4-34 
maximum print lines 4-16 
operations 4-12 
read ID busy 4-19 
read mark check 4-33 
sense amp check 4-33 
Status bytes 4-25 
unit check 4-18 
length count/data recall registers (LCR and DRR) 2-5 
length count register (LCR) 2-5, 9-1 
lights 
ACU PWR off 11-36 
address compare 2-45 
BSCA ATTN 11-34 
BSCA I/O attention indicator 3-8 
busy 11-36, 11-37 : 
call request 11-36 
card data recorder column indicator 7-1 
CHAR phase _ 11-36, 11-37 
clear to send 11-34, 11-37 
clock cycles display 2-43 
command key indicators 3-8 
control mode 11-36, 11-38 
CRT I/O attention indicator 3-8 
data mode 11-36, 11-37 
DATA RCRDR I/O attention indicator 3-8 
data recorder column indicators 6-2 
digit present 11-36 
disk drive 1 I/O attention indicator 3-8 
disk drive 2 I/O attention indicator 3-8 
DT line in use 11-36 
DT setready 11-36, 11-39 
DT TERM ready 11-34, 11-37 
EXT test SW 11-36, 11-39 © 
feed check indicator 6-2 
field/operation indicators 3-8 
halt code indicators 3-8 mY 
I/O attention indicators 3-8 
I/O check 2-45 
KEYBD ready 3-8 
LCA ATIN 11-37 
LCD I/O attention indicator 3-8 
machine cycles display 2-43 
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lights (continued) 
power on indicator 3-8 
PRINTR I/O attention indicator 3-8 
processor check 3-7 
receive initial 11-35, 11-38 
receive mode 11-35, 11-38 
receive trigger 11-34, 11-38 
register display unit 2-42 
SIOC I/O attention indicator 3-8 
stacker full indicator 6-2 
stop indicator 3-8 
test mode 11-36, 11-38 
TSM mode 11-35, 11-38 
TSM trigger 11-34, 11-38 
unit check 11-34, 11-37 
limited conversational operations (BSCA) 11-23 
line finder mark check 4-34 
‘line finder marks 4-2 
line .printing, bi-directional mode 4-10 
LIO instruction 2-39 
BSCA 11-27 
card data recorder 7-4 
data recorder 6-5 
disk 5-13 
display station 8-2 
keyboard-console 3-9 
magnetic character reader 10-4 
printer 4-22 
SIOC 9-4 
LLAR (ledger card device locate line address register) 2-5 
load address 2-29 
example F-10 
format A-3 
load 1/0 2-39 
card data recorder 7-4 
communication adapter 11-27 
data recorder 6-5 
disk 
description 5-14 
example F-15 
display station 8-2 
format A-4 
key board-console 
descziption 3-9 
example F-13 
magnetic character reader 10-4 
printer 
description 4-22 
example F-14 
serial I/O channel 9-4 
load register 2-27 
example F-9 
. format A-2 
local communications adapter 11-7, 11-37/38/39 
local loop test switch 11-37 
local storage registers 2-4 
locate line address register (LLAR) 2- 5 
logical instructions 2-30 
- BC instruction 2-34 
CLC instruction 2-30 
CLI instruction 2-31 
JC instruction 2-35 
TBF instruction 2-33 
TBN instruction 2-32 
loop test function 11-26 
lost connection or disconnect time-out, byte 2 bits 5 and 6 11-32 
LSR (local storage registers) 2-4 
LSR display 2-45 
LSR display selector switch 2-45 


machine cycles display 2-43 
Magnetic Character Reader, 1255 10-1 
disposition of documents 10-2 
features 10-6 
feeding documents 10-1 
instructions 10-2 
load I/O 10-4 
operation 10-1 
programming requirements 10-1 
-tetrieving data 10-2 
sense 1/0 104 
start I/O 10-2 
main storage 2-3 
alter 2-43 
display 2-43 
maintenance monitor 4-34 
mandatory disconnect (DISC) 11-13. 
manual operation procedures 
altering storage 2-45 
altering storage addresses 2-45 
displaying local storage registers 2-45 
stopping at a particular address 2-45 
margin check 4-28 
memory (see main. storage) 
message reception (BSCA) 11-21 
message reception operations 11-20 
- multi-point 11-21 
non-switched 11-20 
switched 11-20 
message transmission operations (BSCA) 11-15 
metering 2-48 
modem (modulator-demodulator) 11-2 
modes 
normal process 2-43 
step 2-43 
test 2-43 
modulator-demodulator (modem) 11-2 
move characters 2-21 
example F-6 
format A-2 
move hexadecimal character 2-20 
example F-6 
format A-1 
move logical immediate 2-24 
example F-8 
format A-2 
multi-point communications network 11-1 
multi-point contact (BSCA) 11-17 
MVC instruction (move characters) 2-21 
MVI instruction (move logical immediate) 2-24 
MVX instruction (move hexadecimal character) 2-20 


NAK control character (negative acknowledge) 11-11 
negative acknowledge (NAK) 11-11 


_nhegative number 1-4 


no-movement seek 5-6 
normal process mode 2-43 


obtaining information about the condition of the reader 10-2 
odd acknowledge (ACK 1) 11-12 

one-address instructions 1-8 

op code register 2-4 

operand 1 address register (BAR) 2-5 

operand 2 address register (AAR) 2-4 

operational characteristics, keyboard-console 3-1 

overlap seek instruction ~5-12 

overlapping instructions, printer and ledger card device 4-19 
overlapping printer commands 4-6 


parity 1-4 
parity check in the processing unit 2-47 
PDAR (printer data address register) 2-5 
performing printer operations 4-6 
phases ; 
execution 2-6 
instruction 2-6 
point-to-point communications network 11-1 
point-to-point contact (BSCA) 11-15 
point-to-point network 
non-switched 11-1 
switched 11-1 
positive acknowledge control character (WACK) 11-12 
positive number 1-4 
power on indicator 3-8 
power switch 
card data recorder 7-1 
data recorder 6-2 
system 3-7 
power switch and indicator 
‘card data recorder 7-1 
data recorder 6-2 
powers of two table C-1 
primary vertical index 4-4 
primary vertical skip 4-4 
print command 4-4 
print element initialization 4-6 
print head 4-2 
print switch 
card data recorder 7-1 
data recorder 6-2 
printer operations, performing 4-6 
printers 4-1 
bi-directional printing 4-4, 1-1 
characters per line 1-1 
characters per minute 1-] 
command chain 4-6 
command overlap 4-6 
commands 4-6 
data address register (PDAR) 2-5 
enhanced print rate 1-1 
error recovery procedures 4-28 
forms control 4-2 
functions 4-4 
1/O attention light 4-12 
instructions 4-16 
advance program level 4-20 
load I/O 4-22 
sense I/O 4-24 
start I/O 4-16 
test I/O and branch 4-17 
ledger card device 4-2 
operation timing 4-27 
operations 4-4 
printing principle 4-2 
programming sequences 4-8 
restrictions 4-4 
forms fold-line 4-4 
forms overlap 4-4 
status bytes 4-25 


2222 Model 1 4-1 
2222 Model 2 4-2 
5213 Model 1 4-1 
5213 Model 2 4-1 
5213 Model 3 4-1 


printing location control 4-6 

printing principle 4-2 

PRINTR I/O attention indicator 3-8 . 
Processing Unit, 5406 2-1, 1-1 
processing unit data flow 2-1 
processor check light 3-7 
program-detected errors, BSCA 11-33 
program load switch 3-7 

program rotary switch 7-2 


program status register (PSR) 2-5 
program switch, data recorder 6-2 
programming, forms control 4-12 
programming conventions 2-9 
PSR (program status register) 2-5 
punch/verify switch 

129 7-2 

5496 6-2 
punching operations 

129 7-3 

5496 6-3 


Q byte (see instruction formats) 
Q register 2-3 


rate select switch, BSCA panel 11-36 
read all line finder marks 4-15 

read data 5-6 

read diagnostic 5-8 

read identifier 5-8 

read IPL 5-9 

read mark and eject 4-15 

read mark check 4-33 

recalibration, disk access mechanism 5-5 
receive initial 11-35 

receive-initial function 11-25 

receive initial light, BSCA panel 11-35 
receive mode 11-35 

receive mode light, BSCA panel 11-35 
receive-only function 11-25 

receive-only operation (BSCA) 11-23 
receive trigger 11-34 

receive trigger light, BSCA panel 11-34 
record advance/card feed switch 7-2 
register display unit 2-42 

release key, data recorder 6-1 
removable disk 5-1 

reset interrupt request 11-26 

retrieving data from documents 10-2 
reverse interrupt (RVI) 11-14 

ROS check 4-28 

RVI control character (reverse interrupt) 11-14 


SAR, altering 2-43 
SAR (storage address register) 2-3 
SBF instruction, (set bits off masked) 2-25 
SBN instruction (set bits on masked) 2-24 
scan 5-11 a 
SDR (storage data register) 2-3 
secondary vertical index 4-4 
sector identifier address and format © 5-4 
sector identifier bytes 5-4 
BCA (bit count appendage) 5-4 
C (cylinder byte) 5-4 
CC (cyclic check) 54 
F (flag byte) 5-4 
S (sector byte) 5-4 
seek 5-5 
seek, no-movement 5-6 
seek instruction, overlap 5-12 
seek operation, disk 5-5 
seek time 5-6 
seek time formula 5-6 
sense amp check 4-33 
sense I/O 2-39 
card data recorder 7-5. 
communication adapter .11-30 
data recorder 6-5 
disk 
description 5-17 
example F-16 


Index X-7 


sense I/O (continued) 
display station 8-3 
format A-4 
keyboard-console 
description 3-5 
example F-12 
printer 
description 4-24 | 
example F-14 
serial I/O channel 9-5 
serial I/O channel adapter 9-1, 1-1 
checking 9-7 
instructions 9-2 
register (SIAR) 2-5 
registers (see SIOC registers) 
serial input/output channel adapter 9-1 
' serial printer and display unit code 1-6 
set bits off masked 2-25 
example F-8 
format A-2 
set bits on masked 2-24 
example F-8 
format A-2 
seven-bit code 11-2 
SIAR (serial I/O channel address register) 2-5 
SIO instruction (start I/O) 2-38 
BSCA 11-24 
card data recorder 7-3 
data recorder 6-3 
disk 5-12 
display station 8-2 
element initialization 4-6 
keyboard-console 3-4 
magnetic character reader 10-2 
printer 4-16 
SIOC 9-6 
SIOC (serial I/O channel adapter) 9-1 
advance program level 9-3 
data address register 9-2 
I/O attention indicator 3-8 
instructions 9-2 
load 1/0 9-4 
mode 9-2 
operation 9-2 
registers 9-1 
data transfer 9-1 
function 9-2 
I/O select 9-1 
I/O transfer lines 9-2 
length count 9-1 
SIOC data address 9-2 
SIOC operation 9-2 
sense 1/0 9-5 
start I/O 9-6 
test I/O and branch 9-3 
six-bit card code 1-4 
six-bit code B-1 
SLC instruction (subtract logical shavcters 2- 16 
SNS instruction (sense I/O) 2-39 
BSCA 11-30 
card data recorder 7-5 
data recorder 6-5 
disk 5-17 
display station 8-3 
keyboard-console 3-5 
printer 4-24 
SIOC 9-5 
SOH control character (start of heading) 11-8 
ST instruction (store register) 2-26 
stacker full indicator, data recorder 6-2 
start and cancel-two-second time-out functions 11-27 


start 1/0 2-38 
card data recorder 7-3 
communication adapter 11-24 
data recorder 6-3 
disk 
description 5-12 
example F-14 
display station 8-2 
format A-4 
key board-console 
description 3-4 
example F-12 
magnetic character reader 10-2 
printer 
description 4-16 
example F-13 
serial 1/O channel 9-6 


start of heading (SOH) 11-8 


start of text (STX) 11-9 
start/stop switch 2-44 
start two-second time-out 11-27 
station selection 11-5 
status byte 0 
bit O—no-op 5-18 
bit 1—intervention required 5-19 
bit 2—missing address marker 5-19 © 
bit 3—equipment check 5-19 
bit 4—data check 5-19 
bit 5—no record found 5-19 
bit 6—track condition check 5-20 
bit 7—seek check 5-20 
status byte 1 
bit O-scan equal hit 5-20 
bit 1—cylinder 0 5-20 
bit 2—end of cylinder 5-20 
bit 3—seek busy 5-20 
bit 4-100 cylinder 5-20 
bit 5—overrun 5-20 
bits 6 and 7—status address A and status address B 5-20 
status byte 2 
bit O—unsafe 5-21 
bit 4—index 5-21 
bit 5—head settling 5-21 
bit 6—CE sense bit 5-21 
bit 7—model 6 5-21 | 
bits 1, 2, and 3-tap lines A, B, and C_ 5-21 
status byte 3 
bits 0 through 7—-CE sense bits 5-21 
status bytes (disk) 5-18 
status conditions (see check conditions) 
step mode 2-43 
stop indicator 3-8 
stopping at a particular address 2-45 
storage address register (SAR) 2-3 
storage data register (SDR) 2-3 
store register 2-26 
example F-9 
format A-2 
STX control character (start of text) 11-9 
subfeatures of the communication adapter 11-5 
subtract logical characters 2-16 
example F-5 
format A-l 
subtract zoned decimal 2-13 
example F-3 
format A-1l 
switch panel 3-6 


switches 
address compare 2-44 
address/data compare 2-4] 
auto record release 6-2 
card data recorder power 7-1 
CE mode selector 2-43 
CE servicing 2-44 
data recorder 3-6 
data recorder power 6-2 
disk drive 1 3-7 
disk drive 2 3-7 
disk select 3-7 
file write 2-44 
inquiry request 3-6 
local loop test 11-39 
LSR display selector 2-45 
power 3-7 
print 6-2 
program 6-2 
program load 3-7 
program rotary 7-2 
punch/verify 
129 7-2 
5496 6-2. 
rate select 11-36 
record advance/card feed 7-2 
register display unit 2-42 
start/stop 2-44 
system reset 3-7 
system start 3-6 
switching heads 5-6 
SYN control character (synchronous idle) 11-12 
sync check 4-28 
synchronous idle (SYN) 11-12 
system components and configuration 1-1 
system keyboard 3-1 
system reset key . 2-44 
system reset switch 3-7 
system start switch 3-6 
System/3 data input/output and interpretation 1-2 
System/3 Model 6 codes B-1 
SZ instruction (subtract zoned decimal) 2-13 


tab key 3-2 
tab left 4-4 
tab right 4-4 


TBF instruction (test bits off masked) 2-33 
TBN instruction (test bits on masked) 2-32 
temporary text delay (TTD) 11-14 
test bits off masked (TBF) 2-33 
example F-1] 
format A-3 
test bits on masked (TBN) 2-32 
example F-11 
format A-3 
test I/O and branch (TIO) 2-40 
card data recorder 7-3 
communication adapter 11-28 
data recorder 6-4 
disk 
description 5-15 
example F-15 
display station 8-3 


format A-4 
magnetic character reader 10-6 
printer 


description 4-17 
example F-13 
serial I/O channel 9-3 


test mode 2-43, 11-36 
test mode disabled condition, BSCA 11-34 
test mode light, BSCA panel 11-36 
time-out, byte 2 bit 0 11-32 
TIO instruction (test I/O and branch) 2-40 
BSCA 11-28 
card data recorder 7-3 
data recorder 6-4 
disk 5-14 
display station 8-3 
magnetic character reader 10-6 
printer 4-17 
SIOC 9-3 
track format 5-2 
track initialization procedures 5-22 
transmission codes 11-2 
transmit-and-receive function 11-25 
transparency 11-7 
transparent block cancel (XENQ) 11-14 
transparent end of intermediate transmission block (XITB) 11-13 
transparent end of text (XETX) 11-13 
transparent end of transmission block (XETB) 11-13 
transparent operation 11-22 
transparent start of text (XSTX) 11-13 
transparent synchronous idle (XSYN) 11-13 
transparent temporary text delay (XTTD) 11-14 
transport (card data recorder) 7-2 . 
transport jam 
card data recorder 7-2- 
data recorder 6-7 
TSM mode 11-35 
TSM mode light, BSCA panel 11-35 
TSM trigger 11-34 
TSM trigger light, BSCA panel 11-34 
TID control character (temporary text delay) 11-14 
twelve-bit card code 1-5 
two-address instructions 1-8 
typamatic key programming 3-2 
typamatic keys 3-2 
typical printer programming sequences 4-8 


unit check 2-47, 11-34 

unit check condition, I/O 2-47 . 

unit check light, BSCA panel 11-34 

USA Standard Code for Information anterchange (USASCD 11- 2 
usage meter 2-48 

USASCH.. 11-2 


verify 5-9 


- verify reset key, card data recorder 7-1 


vertical cycle check 4-31 


WACK control character (positive acknowledge) 11-12 

wait before transmit—positive acknowledgement (WACK) 11-12 
write data 5-10 

write identifier 5-10 


XENQ control character (transparent block cancel) 11-14 

XETB control character (transparent end of transmission block) 
11-13 

XETX control character (transparent end of text) 11-13 

XITB control character (transparent end of intermediate 
transmission block) 11-13 

XR1 (index register 1) 2-4 

XR2 (index register 2) 24 

XSTX control character (transparent start of text) 11-13 

XSYN control character (transparent synchronous idle) 11-13 

XTTD control character (transparent temporary text delay) 11-14 


Index X-9: 


ZAZ instruction (zero and add zoned) 2-10 
zero and add zoned 2-10 

example F-1 , 

format A-l 
zone portion 1-4 


129 Card Data Recorder 7-1, 1-2 

1255 Magnetic Character Reader (see Magnetic Character Reader, 
1255) 

2222 Printer 4-1, 1-1 

2265 Display Station Model 2 8-1, 1-1 

§213 Printer 4-1, 1-1 

5406 Processing Unit 1-1 

$440 Disk Cartridge 5-1 

5444 Disk Storage Drive 5-1 

5496 Data Recorder 6-1, 1-1 


X-10 
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